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Thioetfaer Substituted Imldazoqulnolines 



Field of the Inventioii 

This invention relates to imidazoquinoline compounds diat have tfaioetfier 
5 functionality at the 1 -position, and to pharmaceutical compositions containing such 

compounds. A fuxiker aspect of this invention relates to the use of these compounds as 
inununomodulators, for inducing cytokine biosynthesis in animals, and in the treatment of 
diseases, including viral and neoplastic diseases. 

10 Background of the Invention 

The first reliable rq)oit on die l/r-]niidazo[4,S^]quinol]ne ring system, Backman 
et aL, J.Qrg.ChenL IS, 1278-1284 (1950) describes the syndiesis of l-(6-m^xy-8- 
quinoliny1)-2-methyl-lfr'-imidazo[4,5-c]quinoline for possible use as an antimalarial 
agent Subsequendy, synlheses of various substituted lfr-imida2D[4,5-c] quinolines were 

15 reported. For example, Jain et aL, J. Med. Chem. 1 1, pp. 87-92 (1968), synthesized the 
compound l-[2-(4-piperidyl)ethyl]-l/f-hnida2o[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al, Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et aL, L 
HeterocvcUc Chem. 18, 1537-1540 (1981). have reported certain 2-oxoimidazo[4,5- 

20 c]quinoIines. 

Certain lif-imidazo[4,5-c]quinolin-4-am3nes and 1- and 2-substituted derivatives 
diereof were later found to be useful as antiviial agents, br onchodilators and 
immunomodulators. These are described in, inter atta^ U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268,376; 5346,905; and 5^89,640, all of which are 

25 incoiporated herein by reference. 

There continues to be in terest in die imidazoquinoline ring system. 



Certam lH-nnida2o[4,5-c] naphthyridine-4-ammes, IH-imidazo [4,5-c] pyridin-4- 
30 amines, and lH-imidazo[4,5-c] quinolin-4-amines having an ether containing substxtuent 
at the 1 position are known. These are described in U.S. Patent Nos. 5,268^76; 
5,389,640; 5,494,916; and WO 99/29693. 
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10 



Despite tfiese attempts to identify compounds fliat are useful as immune response 
modifiers, there is a continuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosyntiiesis or other mechanisms. 

Summary of the Invention 

We have found a new class of compounds HbsX are useful in inducing cytokine 
biosynthesis in animals. Accordingly, this invention provides I'miffazo q it^o liTie-^ai t iiiie 
and tetrahydroimidazoquinoIine-4-amine compounds that have a fliioether containing 
substituent at the 1-position. The conq)ound3 are defined by Formulas (I) and (II), which 
are defined in more detail infhz. These compounds share the general structural formula: 




wherein X, Z, Rt, R2, and R are as defined herein for each class of compounds having 

IS formulas (I) and (n). 

The compounds of formulas 09 (^) ^ useful as immune response modifiers 
due to tibeir ability to induce cytokme biosyn&esis and otherwise modulate tiie 
response when administered to animals. This makes fte compounds useful in the 
treatment of a variety of conditions such as viral diseases and tumors that are responsive to 

20 such changes in the immune response. 

The invention furdier provides pharmaceutical compositions containing the 
nnmune response modifying compounds, and me^ods of inducing cytokine biosyn^esis 
m an animal, treating a viral infection in an animal, and/or treating a neoplastic disease in 
an animal by administering a compound of Formula (I) or (II) to the animal. 

25 In addition, the invention provides methods of synthesizing the compounds of flie 

invention. 



2 
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Detatted D scripting of the Invention 

As mentioned earlier, we have found certain compounds that induce cytokine 
biosynttesis and modify the immune response in animals. Such compounds are 
5 represented by Formulas (I) and (II) as shown below. 

ImidazoquinolioB compounds of the inventi<m, wbich have ddoetber functionality 
at die 1-position axe represented by Formula (Q: 



10 




X-Z-Ri 



(D 

wherein: X is -CHRj-, -CHRa-alkyl-, or-CHRralken^-; 
Z is -S-, -SO-, or-S02-; 
15 is selected fiom the group consisting o£ 

^1; 

-heteroaryl; 

-heterocyclyl; 
20 -alkenyi; 

-Rr-aiyl; 

-Rt-hetoroaryl; 

-Rr-hcterocyclyl; 
Hat is selected fiom die group consisting of: 
25 -bydrogen; 

Hdkyl; 

-alkenyl; 
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-aiyl; 

-heteroaryl; 
-hcterocyclyl; 
-alkyl-Y-alkyl; 
5 -alkyl-Y-alkenyl; 

-alkyl-Y-aiyl; and 

- all^l or alkenyl substituted by one or more substituents selected 
fiom the group consisting of: 
-OH; 

10 -halogen; 

-N(R3)2; 

-CON(R3)2; 

-CO-CMoalkyl; 

-CO-O-Ci.ioaDqrl; 
15 ' -Nj; 

-aryl; 

"heteroaryl; 

-heterocyclyl;. 

-CO-aryl;and 
20 -CO-heteroaryl; 

each Ra is independently H or C\ao alkyl; 
each R4 is independently alkyl or alkenyl; 
each Y is independently -O- or -S(0)o-2S 
n is 0 to 4; and 

25 each R present is independently selected fiom the group consisting of Cmo 

alk^ C].io aflcoxy, hydroxy, halogen and tcifluozometlryl; 
or a pharmaceutically acceptable salt thereof. 



4 
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The invention also includes tetrahydroimidazoquinoliiie compounds that bear a 
fliioether containing substituent at the 1-position. Such tetrahydroimidazoquinoline 
compounds axe represented by Foiinula (II): 




X-Z-R, 
(H) 

wherein: X is -CHR3-, -CHRa-alkyK or -CHRa-aDceiiyl-; 
Z is -S-, -SO-, or -SO2S 
Ri is selected fiom die grotq) consistingof: 
10 -alkyl; 

-aiyU 

-heteioaiyl; 

-heteiocyclyi; 

-alkcnjl; 

15 -R4-aiyl; 

-Rc- heteroaiyl; and 

-RHieterocyclyl; 
Ri is selected fiom the group consisting oC 

-Iq^drogen; 
20 -alkyU 

-aOcexiyl; 

-axyl; 

-heteroaiyl; 
-heterocyclyl; 

25 -alkyl-Y-alkyl; 

-alkyl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

5 
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- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

5 -N(R3)2; 

-CO-N(R3)2; 
-CO-CMoaDgi; 

-COO-Cnoalkyl; 
-N3; 

10 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-heteroaiyl; 

15 ' each Rs is independently H or Ci.ioalkyl; 

each R4 is independenfly alkyl or aflcenyl; 
each Y is independently -O- or --5(0)0.2*; 
nis0to4;and 

each R present is independency selected from the groiq> consisting of Cmo 
20 alkyl, Ct.io aDcoxy, hydroxy, halogen and trifluoiomethyl; 

or a pfaamiaoeotically acceptable salt diereo£ 

Preparation of the Compoimds 

Compounds of die invention can be prepared according to Reaction Scheme I 
25 where R, Ri , R^. X and a are as defined above. 

In step (1) of Reaction Scheme I a 4-chloro-3-nitroqmnoline of Fomula X is 
reacted witt an amine of formula HO-X-NH2 to provide a 3-nitroqiiinolin4-amine of 
FomiulaXL The reaction can be carried out b)r adding the aniine to a solution of a 
compound of Formula X in a suitable solvent such as chlotoform or dichloromethane in 
30 the presence oftriethylamine and optionally heating. Many quinolinesofFomulaXare 
known compounds (see for example, U.S. Patent 4,689338 and references cited therein). 



6 



wo 02/46192 



PCTAJSOl/46697 



Many amines of formula HO-X-NHi are commerciaUy available; others can be readily 
prepared using known synthetic routes. 

In step (2) of Reaction Scheme I a 3-nitioquinolin-4-amine of Formula XI is 
chlormated to provide a 3-nitroquinolin-4-amme of Formula Xn, Conventional 
chlorinating agents can be used. Preferably the reaction is carried out by combining a 
compound of Formula XI with thionyl chloride in a suitable solvent such as 
dichloromeftane and heating. Alternatively the reaction may be lun neat 

In step (3) of Reaction Scheme I a 3-nitrDquinolin-4-amine of Formula XII is 
reduced to provide a quinoline-3,4-dianime of Formula Xm. Preferably, the reduction is 
carried out using a conventional heterogeneous hydrogenation catalyst such as platinum on 

carbon. The reaction can conveniently be carried out on a Parr apparatus in a suitable 
solvent such as toluene. 

In step (4) of Reaction Scheme I a qumoline-3,4Hiiamine of Formula Xm is 
reacted with a cari)oxylic acid or an equivalent dicreof to provide a l//'-imidazo[4,5- 
cjquinolmc of Formula XTV. Suitable equivalents to 'a carboxyUc acid include ortiioesters, 
and 1,1-dialkoxyalkyl aOcanoates. The carboxyhc acid or equivalent is selected such fliat 
it will provide 4e desired Ra substituent m a compound of Formula XIV. For ex^ 
triethyl ortioformate will provide a compound where Rj is hydrogen and trimefliyl 

orthovalerate wiU provide a compound ^?*1iereR2 is butyL The reaction can be run in Ae 
absence of solvent or in an inert solvent such as toluene. The reaction is run with 
sufficient heating to drive off any alcohol or water fonned as a byproduct of the reactioa 
Optionally a catalyst such as pyridine hydrochloride can be mcluded. 

Alternatively, step (4) can be carried out by (i) reacting the diamine of Formula 
XmwithanacylhaBdeofFormukR2C(OXnorR2C(0)Brandtiien(ii)^^^ hipart 
(i) file acyl halide is added to a solution of tiie diamine in a suitable solvent such as 
pyridine. The reaction can be carried out at ambient temperature. In part (u) tiie product 
of part (0 is heated in pyridine m the presence of pyridme hydrochloride, 

bi step (5) of Reaction Scheme I a l/Hmida2o[4,5-c]quinoline of Formula XIV is 
oxidized to provide a l/r-imidazo(4,5<]quinoline-5N-oxide of Fonnula XV usmg a 
conventional oxidizing agent capable of forming N-oxides. Pteferably a solution of a 
compound of Formula XIV in a suitable solvent such as cUorofonn or dichloromethane is 
treated wiih 3-chloropeioxybenzoic acid at ambient tenq)eratuie. 



7 
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In steip (6) of Reaction Scheme I a l//'-imida2o[4,5-c]quinoline-5N-oxide of 
Fonnula XV is aminated to provide a l£f-imidazo[4,5-c]qui]iolin-4-amine of Fonnula 
XVI. Step (6) involves (i) reacting a compound of Fonnula XV with an acylatmg agent 
and dien (ii) reacting Ihe product with an aminating agent Part (i) of step (6) involves 

S reacting an N-oxideofFonnub XV with an acylating agent Suitable acylating agents 
include alkyl- or arylsulfonyl chlorides (e.g., benezenesulfonyl chloride, mefhanesulfonyl 
chloride, p-toluenesulfonyl chloride). Arylsulfonyl chlorides are preferred. Para- 
toluenesulfonyi chloride is most preferred. Part (ii) of step (6) involves reactingibe 
product of part (i) with an excess of an aminatfng agent Suitable aminating agents 

10 include ammonia (e.g., in the form of ammonium hydroxide) and anmionium salts (eg., 
ammoniiun carbonate, ammoniimi bicarbonate, ammonium phosphate). Ammonium 
hydroxide is preferred. The reaction is preferably carried out by dissolving the N-oxide of 
Formula XV in an inert solvent such as dichloromethane or chloroform, adding tiie 
aminating agent to the solution, and then slowly adding the acylating agent 

IS Iri step (7) of Reaction Scheme I a lfr-imidazo[4,5-c]quinolin-4-anune of Fonnula 

XVI is reacted with a compound of Formula Ri-SNa to provide a lif*imidazo[4,5- 
c]quinolin-4-ainine of Formula XVn which is a subgenus of Formula I. The reaction can 
be carried out by combining a compomid of Formula XVI with a compound of formula 
RiSNa in a suitable solvent such as NJ^-dimediylformamide or dimethyl sulfoxide and 

20 heatmg (60-80X). The product or a phannaceutically acceptable salt thereof can be 
isolated using conventional mediods. 

In step (8) of Reaction Scheme I a lH-imidazo[4,5-c]quinolin-4-amine of Formula 
XVn is oxidized using a conventional oxidizing agent to provide a l/r-imidazo(4,5- 
c]quinolin-4-amine of Fonnula XVm which is a subgenus of Formula I. Preferably a 

25 solution of a compound of Formula XVn in a suitable solvent such as chlorofonn or 

dichloromefiiane is treated with 3-chloropero3^beiizoic acid at ambient terqierature. The 
degree of oxidation is controlled by adjusting die amount of 3-chloroperoxyfoenzoic acid 
used in the reaction; Le., usmg approximately one equivalent will provide the sulfoxide 
Boreas using two equivalents will provide ±c sulfone. The product or a pharrnaceutically 

30 acceptable salt fliereof can be isolated usoig conventional methods. 



8 
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Reaction Scheme I 




5 Compounds of the invention can be prepared according to Reaction Scheme n 

where R, Ri, R2, X and n are as defined above. 

In step (1) of Reaction Scheme n a 3-mtix>quinolin-4-amine of Fonmila Xn is 

reacted widi a confound of the Fonniila Ri -SNa using tiie metiiod of step (7) of Reaction 

Scheme I to provide a 3-nitroquinolin-4-aniiDe of Fonnula XDC 
10 In step (2) of Reaction Scheme n a 3-mtroquinolin-4-amine of Formula XEX is 

reduced using tiie metiiod of step (3 ) of Reaction Scheme I to provide a quinoline-3 ,4- 

diamine of Fomiula XX. 



9 
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In step (3) of Reaction Scheme n a qumoline-3,4-<iiamine of Formula XX is 
cyclized using &e method of step (4) of Reaction Scheme I to provide a lif-imidazo[4,5- 
cjquinoline of Foimula XXL 

In step (4) of Reaction Scheme II a lH-imidazo[4,5-e]quinolinfi of Fomfiula XXI is 
5 oxidized to provide a l/r-imidazo[4,5-<:]quinolin-5N-oxide of Formula XXII using a 

conventional oxidizing agent Preferably a solution of a compound of Formula XXI in a 
suitable solvent such as chlorofoim or dichloromethane is treated with at least three 
equivalents of 3-chIoroperoxybenzoic acid at ambient tBnq>eratuie. 

In step (5) of Reaction Scheme n a l/f-imidazo[4,S-c]qi2inolin-SN-oxide of 
10 Formula XXH is aminated using the method of step (6) of Reaction Scheme I to provide a 
lif-imidazo[4,5-c]quinolin-4-aniine of Formula XVm which is a subgenus of Formula I. . 
The product or a pbannax:eutically acceptable salt thereof can be isolated using 
conventional methods. 

IS Reaction Scheme n 
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Compounds of the invention can be prepared according to Reaction Scheme HI 
where R, R,, Rj, X and n aie as defined above. 

fii step (1) of Reaction Scheme m a 3-nitro-4.aminoHiuinoIin-l-yl alcohol of 
Formula XI is protected with a tert-butyldimethylsflyl group using conventional metiiods. 
Preferably a compound of Formula XI is combined with /ert-butyldimethylsilyl chloride in 
a suitable solvent such as chloroform in the presence of trietiiylamine and a catalytic 
amount of 4-dimetiiylaminopyiidine. 

In step (2) of Reaction Scheme ffl a protected 3Hiitro4-ammo-quinolin-l-yl 
alcohol of Fomiula XXffl is reduced using the method of step (3) of Reaction Scheme I to 
provide a protected 3, 4-diamino-quinolin-l-yl alcohol of Formula XXIV. 

In step (3) of Reaction Scheme IE a protected 3,4-diamino-quinoHn-l.yl alcohol of 
Fomiula XXIV is cyclized using the metiiod of step (4) of Reaction Scheme I to provide a 
l/f-imidazo[4,5-c]quinoline of Formula XXV. 

In step (4) of Reaction Scheme HI a l/f-imidazo(4,5-c]quinoline of Formula XXV 
15 is oxidized using the metiiod of step (5) of Reaction Scheme'l to provide a 1^- 
nnidazo[4^-c]quinoIin-SN-oxide of Foimnki XXVL 

In step (5) of Reaction Scheme HI a l/Hmida2o(4,5-c]quinolin-5N-oxide of 
Formula XXVI is animated using the mefliod of step (6) of Reaction Scheme I to provide a 
LH'-imidazo[4,5-c]quinolin-4-amiiie of Formula XXVIL 

In step (6) of Reaction Scheme III the protecting ffoap is removed fiom a IH- 
imidazo(4.5-c]quinolin-4-amine of Formula XXVH to provide a lH-imidazD[4> 
c]quinolin-4-amine of Formula XXVffl. Prefraibly a solution of a compound of Formula 
XXVn in a suitable solvent such as tetiahydrofunm is treated with tetrabutylammonium 
fluoride. Some compounds of Formula XXVIH are known, see for example, Gerster, UJS. 
25 Patent No. 4,689,338 and Gerster et aL, U.S. Patent 5,605,899. 

ti step (7) of Reaction Scheme HI a lir-imidazo(4,5-c]quinolin-4-amine of 
Fonnula XXVHI is chlorinated using conventional methods to provide a l/f-imidazo[4> 
c]qBinoIin-4-amine of Formula XVL A conqiouDdofFormnlaXXVm can be heated neat 
wifli fliioiiyl chloride. Alternatively, phosphorous oxychloride can be added in a 
controlled ftshion to a solution of a conqxwnd of Formula XXVffl in a suitable solvent 
such as NJi-dimeftj^formamide in tiie ineseoce of triefliylainine. 



20 



30 
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Steps (8) and (9) of Reaction Scheme m can be earned out in the same manner as 
steps (7) and (8) respectively of Reaction Scheme 1. 



Reaction Scheme III 
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Compounds of the invention can be prepared according to Reaction Scheme IV 
where R, Ri, R2, X and n are as defined above and BOC is /ert-butDxycaibonyl. 

In step (1) of Reaction Scheme IV the hydroxy group of a 6,7,8,9-tetrahydto-li/- 
imidazo[4,5-c]quinolin-l-yl alcohol of Formula XXDC is protected with a ten- 
5 butyldimethylsilyl groiq> using Oe method of step (1) of Reaction Scheme IIL 

Conqpounds of Fonnula XXDC are known or can be prepared using known synthetic 
meAods, see for example, Nikolaides, et al., U.S, Patent No.5352,784 and Lindstrom, 
U^. Patent No. 5,693,8 11 and references cited therein. 

In step (2) of Reaction Scheme IV the amino group of a l^-iniidazo[4,5- 
10 c]quinolin-4-amine of Formula XXX is protected using conventional methods to provide a ' 
protected l//-iimdazo[4,5-c]quinoline of Fonnula XXXI. Preferably a conqwund of 
Fonnula XXX is treated wift di-/ert-butyl dicarbonate in a suitable solvent su^^ 
tetrahydrofuran in the presence of triethylamine and 4-dimethylaminopyridine. The 
reaction can be run at an elevated temperature (60''C). 
15 In step (3) of Reaction Scheme IV the /crt-butyldimethylsilyl protecting group of a 

compound of Formula XXXI is removed using flic metiiod of step (6) of Reaction Scheme 
m to provide a li7-imidazo[4,5-c]quinolb*lyl doohol of Formu^ 

In step (4) of Reaction Scheme IV a lJy-unidazo[4,5-c]quinolin-lyl alcohol of 
Formula XXXn is converted to a methanesulfonate of Formula XXXm Preferably a 
20 solution of a con^und of Fonnula XXXII in a suitable solvent such as dichloromeflane 
is treated wifli metiianesulfonyl chloride m the presence of triefliylamine. Hie reaction can 
be run at a reduced temperature (-10®C), 

In step (5) of Reaction Scheme IV a methanesulfonate of Formula XXXIII is 
reacted wifli a fliiol of formula RjSH to provide a fliioether of Formula XXXIV. 
25 Preferably a solution of a conq)ound of Fonnula XXXIII in a suitable solvent such as N, 
N-dimefliylformamide is treated wifli the fliiol in flie presence of triethylamine. The 
reaction can be nm at an elevated temperature (80^. 

In step (6) of Reaction Scheme IV flie /ert-butoxycarbonyl protecting groups are 
removed by hydrolysis under acidic conditions to provide a l/f-famdazo[4,5-c]quinoIin-4- 
30 amine of Fonnula X70CV which is a subgenus of Formula IL Preferably a solution of a 
compound of Fonnula XXXIV in a suitable solvent such as dichloromefliane is treated at 
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ambient temperature with a solution of hydrochloric acid in dioxane. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

In step (7) of Reaction Scheme IV a thioether of Formula XXXV is oxidized using 
the method of step (8) of Reaction Scheme I to provide a sulfone or sulfoxide of Formula 
S XXXVI which is a subgenus of Formula II. Hie product or a phaimaceuticaUy acceptable 
salt thereof can be isokted using conventional methods. 

Reaction Scheme IV 



10 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where R, Ri, Rj, X and n are as defined above. 

In step (1) of Reaction Scheme V a 6,7,8,9-tetrahydro-li/.imida2o[4,5<]quinolin- 
1-yl alcohol of Fonnula XXK is chlorinated using the me&od of step (7) of Reaction 
Scheme HI to provide a con^und of Fomula XXXVn. 

In step (2) of Reaction Scheme V a compomid of Fonnula XXXVII is reacted with 
a compound of fonnula R|-SNa using the method of step (7) of Rjeaction Scheme I to 
provide a thioedier of Formula XXXV which is a subgenus of Fonnula H. Ibe product or 
a phannaceutically acceptable salt dwreof can be isolated using conventional methods. 

In step (3) of Reaction Scheme V a thioeOier of Fomiula XXXV is oxidized using 
the method of step (8) of Reaction Scheme I to provide a sulfone or sulfoxide of Fomiula 
XXXVI which is a subgenus of Fonnula IL The product or a phannaceutically acceptable 
salt thereof can be isolated using conventional mediods. 



Reaction Scheme V 
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As used herein, the terms *'alkyl", "alkenyr and the prefix "alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 

5 cycloalkenyl. Unless otherwise specified, fliese groups contain fiom 1 to 20 carbon atoms, 
with alkenyl groups containing fi:om 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groiq)s can be monocyclic or polycyclic and preferably 
have fiom 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropylmethyl, cyclopentyl, cyclohexyl and adamantyl. 

10 In addition, tiie alkyl and alkenyl portions of -X- groups can be unsubstituted or 

substituted by one or more substituents, which substituents are selected fiom the groups 
consisting of alkyl, alkenyl, aryl, hcteroaryU heterocyclyl, aiylalkyl, heteroarylalkyl, and 
heterocyclylalkyl. 

The term ''haloalkyr is inclusive of groups that are substituted by one or more 
15 halogen atoms, including perfiuorinated groups. This is also true of groups that include 
tfie prefix ^alo-**. Examples of suitable haloallQ^l groiq)s are chioromethyl, 
trifluorometfiyl, and the like. 

The term ^'aryl" as used herein includes carbocyclic aromatic rings or ring systems. 
Exanq)les of aryl groins include phenyl, naphtiiyi, biphenyU fluorenyl and mdenyl. The 
20 term *1ieteroaryr* includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g., O, S, N). Suitable heteroaryl groups include furyl, duenyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, 
pyrazolyl, oxazolyl, thiazolyl, benzofiumyl, benzothiophenyl, caxbazolyl, benzoxazolyl, 
pyrimidinyl, benzimidazplyl, quinoxaliiryl, benzothiazolyl, naphtfayridinyl, isoxazolyl, 
25 isotfaiazolyl, purinyl« quinazoltnyl, and so on. 

**HetBro^Iyr includes non-aromatic rings or ring systems that contain at least 
one ling hetero atom (e.g., S, N) and includes all of &e fiilly saturated and partially 
unsaturated derivatives ofthe above mentioned heteroaryl groups. Exemplary 
heterocyclic groins include pyrrolidinyl, tetrahydrofiixanyl, morpholinyl, thiomorpholinyl, 
30 piperidinyl, piperazinyl, fliiazolidinyl, imidazolidinyl, isodiiazolidinyl, and the like. 

The aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected fiom die group consisting of aO^l, 
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alkoxy, alkylthio. haloalkyl. haloalkoxy. haloalkylthio. halogen, nitro, hydroxy, mercapto, 
cyano. caiboxy. fonnyl. aryl, aryloxy, aiylthio. aiylalkoxy, aiylalkylthio. heteroaiyl, 
heteroaiyloxy. heteroaiyltiao. hetetoaiylalkoxy. heteroarylalkylthio. amino. aUcylammo. 
dialkylamino. heterocycfyl. heterocycloaDqrl, alkylcaiboiQrl. alkenylcaibonyl, 
alkoxycaibonyl, haloallgrlcaiboiqd. haloaHcoxycarboiiyl. aftyitliiocaibonyl, aiylcarbonyl, 
heteioajylcaihoiqrl, aiyloxycaxboi^l, heteroaiylwqfcaiboiQrl, aiylfliiocaibonyl, 
heteroatyWuocaibonyl, alkaaoyloxy, aUcanoymuo, alkaooylaoimOi aiylcaiboiiyloxy, 
aiylcaibonylthio, alkylaminosalfoiiyl. alkylsul&nyl, atylsulfimyl, hetetoaiylsulfbiiyi. 
aiyldiaziiqrl. aUqrlsulfonykmino. aijlsulfoagrlamino, aiylaltylsulfeiijianinM^ 
alkylcaibonylamino. aDcenylciiibonyfanunD, arylcaibonylamiiio, aiyUkyicaAonylammo, 
heteroaiylcarbonylamino, heteroarylallq^caibonylanimo, attyUulfonjiamiao, 
alkenylsulfonylamino, aiylsulfonylamino, arylalkjdsulfonylamino, 
heteroaiylsulfonylamino. heteroaiylalkylsulfonylamino, allqrlanunocaiboitylamino, 
alkraqrlammocarbonylanino, aiylaminocaibonylamino, aiylaDcylaminocaibonylamino, 
heteroaiykminbcarbonylanrino, heteioaiylallqrloaiboiqrlanuno, and, in flie case of 
heterocyclyl, oxo. If any otho- groups are identified as being "substituted" or "optionally 
substituted", tiien those grotq>s can also be substituted by one or more of the above 
enumerated substituents. 

Certain substituents are generalfyprefisned. FOTexanq>Ie,inefenedX groups 
include ethylene and n-butylens and prefeoed R, grou^ are aUcyl and aryl, with phenyl or 
substituted phenyl a preferred aiyl group. Preferably no R substituents are present (le.. n 
is 0). Preferred Rj groqjs include hydrogen, alkyl groiqw having 1 to 4 carbon atoms Qm., 
methyl, e%l, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, and cyclopropyhnethyO. 
mea»oxye%l, and ethoxyme%l. One or more of these preferred substituents. if present, 
can be present in the compounds of the invention in any combinatioa 

The invention is inchisive of the confounds described herein in aiQr of Aeir 
pharmaceutically accq)table fonns, including isomos (e.g., diastereomen and 
enantiomera). salts, solvates, polymorphs, and die like. In particular, if a confound is 
optically active, the iavention specifically includes each of die compound's enandomeis as 
well as racemic mixtures of flie enaotiomeis. 



17 



wo 02/46192 



PCT/USOl/46697 



Phannaceutical Compositions and Biol gical Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
amount of a conq)ound of the invention as described above in combination with a 
phannaceutically acceptable cairier. 

5 The tenn **a therapeutically effective amounf' means an amount of the com{}Ound 

sufBcient to induce a flietapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Although tiie exact amount of active conq)ound used in a 
pharmaceutical composition of tiie invention will vary according to &ctors Imown to those 
of skill in the art, such as the physical and chemical nature of tiie conqKiund, the nature of 

0 the carrier, and tiie intended dosiiig regimen, it is anticipated that die compositions of the 
invention will contain sufBcient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 ]ig/kg to about 5 mg/kg, of the compound to the 
subject Any of the conventional dosage forms may be used, such as tablets, lozenges, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

5 patches, ttansmucosal patches and die like. 

The compounds of the invention can be administered as the single therapeutic 
agent in the treatment regimen, or the compounds of the invention may b e adnunistered in 
combination with one anodier or with other active agents, including additional immune 
response modifiers, antivirals, antibiotics, etc. 

.0 The compounds of the invention have been shown to induce die production of 

certain cytokines in experiments performed according to the tests set forth below. Hiese 
results indicate that the compounds are useful as immune response modifiers that can 
modulate the nnmune response in a number of different ways, rendering them usefol in the 
treatment of a variety of disorders. 

15 Cytokines whose production may be induced by the administration of compounds 

according to the invention generally include interferon-a (IFN-a) and/or tumor necrosis 
fiactor-a (TNF-a) as well as certain interlcukins (JL). Cytokines whose biosyndiesis may 
be induced by compounds of the invention include IFN-kx, TNF-ql, IL-6, IL-10 and 
IL-12,andavariety of other cytokines. Among odier effects, these and other cytokmes 

10 can inhibit virus production and tumor cell growth, making the compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a mediod of 
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inducing cytokine bi synthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

Certain compounds of die invention have been found to preferentially induce die 
ejq)ression of IFN-a in a population of hematopoietic cells such as PBMCs O^eripheral 
blood mononuclear cells) containing pDC2 cells Q)recursQr dendritic cell-type 2) without 
concomitant production of significant levels of inflammatocy cytokines. 

In addition to the ability to mduce the production of cytokines, the compounds of 
the invention afifect odier aspects of Ae innate immune response. For exanq)le, natural 
kiUerceU activity may be stimukted, an effect duit may be due to cytoldnei The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 
oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and differentiation of B-lymphocytes. 

Compounds of the invention also have an effect on the acquired immune response. 
For example,, although titore is not believed to be any direct effect on T cells or direct 
mduction of T cell cytokines, the production of flie T helper type 1 (Ihl) cytokine IFN-^ 
is induced indirectly and the production of die T helper type 2 (Th2) cytokines IL-4, IL-5 
and 11^13 are mhibited upon administration of die compounds. This activity meazis that 
die compounds axe useful in the treatment of diseases where tqnegulation of die Thl 
response and/or downregulation of the Th2 response is desired. In view of die ability of 
compounds of the invention to inhibit die Th2 immune response, fbc campovaids are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asduna, 
allergy, allergic rhinitis; systomic lupus erydiematosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
die treatment of a wide variety of conditions. Because of their ability to induce the 
production of cytokmes such as IFN-a and/or TMF-<x, the compounds are particularly 
nsefid in the treatment of viral diseases and tumors. This immunomodulating activity 
suggests diat compounds of die invention are useful in treating diseases such as, but not 
limited to, viral diseases including genital warts; common waits; plantar warts; Hqiatitis 
B; Hepatitis C; Herpes Sinq>lex Virus TVpe I and Type II; moDuscum contagiosum; 
variola, particularly variola major; HIV; CMV; VZV; rhinoviius; adenovirus; influenza; 
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and paia-influeiiza; intraepithelial neoplasias such as cervical intraepithelial neoplasia; 
human papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, 
aspergillus, and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, 
hahy cell leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, 
5 myelogenous leukemia, multiple myeloma, melanoma, non-Hodgkm's lymphoma, 
cutaneous T-cell lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis 
camii, cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using the compounds of die invention 
10 include actinic keratosis; eczema; eosinophilia; essential tbrombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid hipus; Bowen*s disease; Bowenoid 
papulosis; alopecia areata; die inhibition of Keloid formation after surgery and odier types 
of post-surgical scars. In addition, these compounds could enhance or stimulate the 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
15 the opportunistic infections and tumors that occur after suppression of cell mediated 
immunity m, for exanq)le, tran^lant patients, cancer patients and HIV patients. 

An amount of a compound effective to induce cytokine biosyn&esis is an amount 
sufBdent to cause one or inoze cell types, such as monocjrtes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-o, 
20 TNF-o, IL»1, IL-6, IL-10 and IL-12 that is increased over the background level of such 
cytokines. The precise amount will vary according to factors known in Ae art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 >ig/kg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
animal and a method of treating a neoplastic disease in an animal comprising 
25 administering an effective amount of a compound or composition of die invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that 
cause a reduction in one or more of the manifestations of viral infection, such as viial 
lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount wiU vary according to fectors known in the ait but is 
30 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 1 0 |ig/kg to 
about5mg/kg. An amount ofa compound effective to treat a neoplastic condition is an 
amount that will cause a reduction in tumor size or in the number of tumor foci. Again, 
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the precise amount will vary according to factors known in the art but is xpected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ^g/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

Example 1 

2-butyl-l-[4-0)henyltirio)butyI].lfr-imidazo[4,5K:I<^ 

51 




Part A 

10 A round bottom flask was charged with a magnetic stn bar, 4-chloro-3- 

nitroquinoline (109.70 g, 525.87 mmol) and dichloromethane (500 mL). To the solution 
was added triethylamine (79.82 g, 788.81 mmol) and 4-amino-l-butanol (46,87 g, 525.87 
mmol) to give a homogeneous, dark yellow solution. The reaction was judged to be 
complete after heating at reflux for 30 minutes. The solution was cooled and then 

15 paititioned between cUorofonn and saturated aqueous anunonium chloride. The layers 
were separated and ^ aqueous layer was extracted with chloroform (Ix). The organic 
layers were combined and dien concentrated under reduced pressure to afford of 4-[(3- 
nitroquinolin-4-yl)amino]butan-l-ol (104.67 g, 400.60 mmol) as a dark yellow solid. This 
material was used widiout fiirther purification. 

20 PartB 

A round bottom flask was charged with a magnetic stir bar, 4-[(3~nitroquinolmr4- 
yl)amino]butan-l-ol (5,0 g, 19.14 mmol), trie%lamme (2.91 g, 28.71 mmol), tert- 
butyldimethylsilyl chloride (3.75 g, 24.9 mmol), 4-dimcAylaminopyridine (0.10 g) and 
chloroform (40 mL) to give a dark yellow solution. The reaction was judged was to 
25 complete after stirring at ambient temperature for 2 hours. The solution was partitioned 
between ethyl acetate and saturated aqueous ammonium chloride. The layers were 
separated and the organic layer was washed witii saturated aqueotis sodium bicarbonate, 
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dried over anhydrous sodium suliate, filtered and then concentrated under reduced 
pressure to afford //-(4-{[/er^butyl(dmlethyl)silyl]oxy}butyI>3-mtroqumo^^^ 
(6.0S g, 16.1 1 mmoQ as a yeOow-green solid. This material was used without fiirdier 
purification. MS (CI) for CwHasNaCbSi m/z 376 (MH*), 342, 210. 
5 Parte 

A Parr vessel was charged with ^'-(4-{[teff-butyl(dimethyl)8ilyI]oxy}butyl)-3- 
nitroquinolin-4-amine (6.05 g, 16.1 1 mmol), 5% platinum on carbon (3.0 g), and toluene 
(32 mL). The vessel was placed on a Parr shaker and pressurized to 50 psi (3.5 Kg/cm^) 
hydrogen. After shaking for one hour» more catalyst (3.0 g) and toluene (15 mL) were 

10 added and the vessel was pressurized to 50 psi (3.5 Kg/cm^) hydrogen and shaking 
continued. The reaction was judged to be complete after one hour. The catalyst was 
removed by filtration through fluted paper. The filter cake was washed witti toluene (50 
mL) and tiie filtrates were combined. The volatiles were removed under reduced pressure 
to afford M(4-{[/M-butyl(d]melfayl)si]yl]oxy}butyI)quinoline-3,4^ (5.57 g, 16.1 1 

15 mmol) as a dark ofl. The niaterid was used without furrier purification. 
PartD 

A round bottom flask was charged with a magnetic stir bar, M{4-{[tert- 
butyl(dimetfayl)siIyl]oxy}butyl)qiiinoline-3,4-diamine (5.57 g, 16.1 1 mmol), trimediyl 
oiAovalerate (5,23 g, 32,22 mmol) and toluene (47 mL), The reaction was heated to 

20 maintain a refiux that brought about a slow distillation to fecilitate removal of the 

medianol byproduct Hie reaction was judged to be complete after 15 hours at reflux. 
The reaction was cooled and the volatiles were removed imder reduced pressure to afford 
of2-butyl-l-(4-{[/ert-butyl(dimetfiyl)silyl]oxy}butyl)-l/^imidazo[4,5-c]q^^ 
g, 11.30 mmol) as a ^ck, dark brown oiL The material was used without fiixtfaer 

25 purification. MS (CI) for C24H37N30Si m/z 412 (MH*), 298. 
PartE 

A round bottom fiask was charged with a magnetic stir bar, 2-batyl-l-(4-{[rerr- 
butyl(dimethyl)sflyl]oxy}butyl)-lJ7-imidazo[4,5«c]quinoli^ (4.65 g, 11.30 mmol) and 
chloroform (57 mL). Solid 3-chloropetfoenzoic acid (2.78 g, 12,43 mmol) was added 
30 portion wise to die solution over 1 5 minutes and ttie reaction was stirred at ambient 

temperature for 1 hour. More 3-chloroperi)enzoic acid (0.5g, 2.9 mmol) was added and 
after 30 minutes the starting material was completely consumed. The solution was 
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partitioned between chlorofonn and aqueous saturated sodium bicarbonate. The layers 
were separated. The organic layer was washed with saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and tfien concentrated under 
reduced pressure to aflford 2-.butyl.H4.{[^m-butyl(dimethyl)silyl]oxy}butyl)-l/f- 
5 inuda2o[4,5-c]quinoline.5NHHdde (4.83 g, 1 1.30 nunol) as a dark oiL The material was 
used without further purification. 
PaitF 

A round bottom flask was charged wifli a magnetic stir bar, 2-butyH<4.{[/ert- 
butyI(dimcthyl)silylloxy}bulyl>i/r-inudazo[4,5^^ 

10 anhydrous dimethyl formamide (57 mL) under a nitiog^ atmosphere. Phosphorus 

oxychloride (1.91 g, 12.43 mmol) was added to the reaction mixture in a drop wise fishion 
to give a homogeneous solution after complete addition. The reaction was judged to be 
complete after stirring for 1 .5 hours at ambient temperature and was then partitioned 
between dichloromethane and saturated aqueous sodium bicarbonate. The layers were 

15 separated and the organic portion was washed with aqueous saturated sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced pressure to afford 2-butyl^hlon>-l-(4^hlorobutyl)-lir«inudazo[4,5-c]quinol^^ 
(3.65 g, 10.42 mmol) as a dark brown solid. The material was used without fiirtiier 
purification. MS (CI) for CisIfeiCfeNa miz 350 (MH*), 3 14. 

20 PartG 

A round bottom flask was charged witfi a magnetic stir bar, 2-butyl-4-chloro-l-(4- 
chlorobutyl)-l/^imidazo[4,5-c]quinoline (1.18 g, 3.37 mmol), benzenetiriol (0.56 g, 5.05 
mmol), trietiiylamine (0.68 g, 6.74 mmol), and dimethyl formamide (1 5 mL) under a 
nitrogen atmosphere. The reaction mixture was heated to 80 **C to give a homogeneous 
25 solution that was maintained at 80 for 2,5 hours. HPLC analysis indicated no starting 
material and a 3:1 mixture of 2-bufyl-4-chIoro-l-[4-Q)henylthio)butyl]-l^-iniida2o(4> 
cJquinoUnc and 24)utyl-4-^henylthio)-l-[4^(phenyltUo)butyl]-l/^imida^ 
c]quinoIine. The solution was cooled and then partitioned between ethyl acetate and 
aqueous saturated sodium bicarbonate. The layers were separated and tiie organic layer 
was washed with aqueous saturated sodium bioubonate and brine, dried over anhydrous 
sodium sul&te, filtered and then concentrated under reduced pressure to affoid a 3 : 1 
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mixture f the products named above (1 .43 g). The material was used without further 

purification. 

PaitH 

A 3:1 mixture of 24)utyl-4K:hlon>-l-[4-(phenylfluo)butyl]-lH-hnidazo[4,5- 

S c]quinoline to 2-butyl-4-(phei]^ltfaio)-l-[4-(phenyltfaio)butyl]-lH-inudaTO 

(1.38 g) and a solution of 7% ammonia m methanol (30 mL) were combined in a bomb 
and heated to 150 ''C. The reaction was judged to be conq)Ie(e after S hours. The volatiles 
wm removed under reduced pressure and tiie resulting residue was stirred in water and 
madebasic^H 10) with solid sodium carbonate. The aqueous mixture was extracted witii 

10 chloroform (3x). The combined organic layers were washed witii saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sulfate, filtered and then 
concentiated under reduced pressure to afford a yellow ciystalline solid. The solid (0.8 g) 
was dissolved m ethyl acetate (50 mL) and brought to reflux. Activated charcoal (0.4 g) 
was added; the resulting mixture was heated at reflux for 5 minutes and then die charcoal 

15 . was removed by filtnitiondirous^ fluted paper to provide a colorless solution. The 

solution was concentrated under reduced pressure to give a solid that was reciystallized 
from etiiyl ac^te and hexanes to provide 2-butyl-l-[4-(phenyltiuo)butyl]-l/r- 
imidazo[4,5-c]quino]in-4-amme (0.51 g, 1.25 mmol) as white needles, m.p. 118-120 ""C. 
Analysis, Calculated forC24H28N4S: %C 7125; %H, 6.98; %N, 13.85. Found %C 71.12; 

20 %H, 6.81; %N, 13.62 

'H-NMR (300 MHz. DMSO) 8 8.02 (d, J - 8.3 Hz. IH), 5 7.61 (d, J - 8.3 Hz. IH). 5 7.41 
(t, J = 8.3 Hz, IH), 5 7.16-7.30 (m, 6H), 8 6.46 (bs, 2H), 8 4,52 (t, J = 7.6 Hz, 2H). 5 3.02 
(t, J = 7.3 Hz, 2H). 8 2.89 (t, J = 7.8 Hz. 2H). 8 1.95 (m. 2H), 8 1.75 (m. 4H). 8 1.43 
(sextet. J = 7.3 Hz. 2H), 8 0.94 (t, J = 7.3 Hz, 3H) 

25 MS (CI) for C24H28N4S m/z 405 (MH*). 282, 241 
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Exampl 2 

2-butyl-l-[2-(phenylAio)ethyl]-6,7,8,9-te1rahydro- 
l/f-iimdazo[4^-c]quinolin-4-ainine hydrochloride 




ID 

5 PartA 

A round bottom flask was charged with a magnetic stir bar, 2-{4-amiiu>-2-butyi- 
6,7,8,9-tetrahydro-l/f-imida2o[4,5-c]quinolin-l-yl)ethanol (I.O g, 3.47 mmol), tert- 
butyldimcthylsilyl chloride (L62 g. 10.75 mmol), triethylamine (1 .58 g, 15.62 mmol), 4- 
dimethylammopyridiiie (0. 1 g), and chloroform (30 mL) to give a heterogeneous reaction 

10 mixture. The reaction was judged to be complete after stirring at 60 **C for 2 hours. The 
soluticm was partitioned between ethyl acetate and saturated aqueous ammonium chloride. 
The layers were sepamfed and the organic layer was washed with aqueous saturated 
sodium bicaxbonate and brine, dried over anhydrous sodium sulfate, filtered and then 
concentrated under reduced pressure to afford a 3: 1 mixture of 2-butyl-l-(2-{[terf- 

15 butyl(dimethyl)silyl]axy}ethyl)-^.7,8,9-tetrahydxo-lff^imida20[4, 
and2-buty^^:-(/crt-butyl(dimethyl)silyl]-l^.{[^ert-butyK 

6,7,8,9-tetrahydro-l/Wmida2o(4,5-c]quinolin-4-amine (1.79 g) as a dark brown oil. The 

material was used without further purification. 

PartB 

20 A round bottom flask was charged with a magnetic stir bar, a 3:1 mixture of 2- 

bu^l-l-(2-{[/ert-bufyl(dimethyl)silyl]oxy}efliyl>^,7,8,9-tetrahydro^ 
c]quino]in-4-anmie and 2-butyl-A^(/€7t-butyl(dimethyl)silyl]-l-(2-.{[rcrt- 
butyl(dimeth)^silyl]oxy}efliyO-6,7,8,9-tetrahydro-W-imidazo[4,5-c]quin^ 
(1.6 g) and a 1 M solution of acetic acid in dicbloromethane (85 mL) to provide a 

25 homogenous soliitioa The reaction was judged to be complete after stirring at ambient 
temperature for 30 minutes. The solution was partitioned between chloroform and brine. 
The layers were separated and the organic layer was washed with aqueous saturated 
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sodmm bicaibonate and brine, dried over anhydrous sodium sulfate, filtered and then 
concentrated und r reduced pressure to afford a dark brown oil. Th material was purified 
by chromatography over silica gel (95/4/1 dichloromethane/methanol/ammonium 
hydroxide [14.8 M in water]) to provide 2-butyl-l-(2-{[ferf- 
5 butyl(dimethyl)silyl]oxy} ethyl)-6,7,8^-tetrahydro-lH'-imidazo[4»5-c]quinolin-4-^ne 
(1 J24 g, 3.10 mmol) as a colorless oil 
Parte 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l"(2-{[/erf- 
butyl(dime%l)si}yl]oxy}ethyl)-6J,8,9-tetrahydxo-l/7-imidazo[4,^^ 

10 (0.83 g, 2.06 mmol), di-f eit-butyl dicaibonate (1 .79 g, 8.24 mmol), trieffaylamine (0.52 g, 
5.15 mmol), 4-dimetiiylaminopyridine (0.1 ^, and anhydrous tetrahydrofuran (21 mL) 
under a nitiogen atmosphere. The reaction mixture was heated to 60 to give a 
homogeneous solution that was maintained at 60 ''C for 2.5 hours at which time the 
reaction was judged to be complete. The solution was cooled to ambient temperature and 

15 a 1 M solution of tetrabutylammonium fluoride in tetrahydrofuran (2.27 mL, 2.27 mmol) 
was added. The reaction was judged to be complete after stirring at ambient temperature 
for 30 minutes. The solution was partitioned between ethyl acetate and saturated aqueous 
ammonium chloride. The layers were separated. The organic layer was washed with 
saturated aqueous sodium bicaxbonate and brine, dried over anhydrous sodium sul&te, 

20 filtered and then concentnited under reduced pressure to afford a UglityeUowsoUd The 
material was purified by chromatography over silica gel (95/5 dtchloromethaneAnettanol) 
to provide di(/ert-buty]) 2-butyl-l'<2-hydro3tye&yI)-6,7,8,9-tetrahydro-lH-imidazo[4,5- 
c]quinolin-4-ylimidodicaibonate (0.55 g, 1.13 mmol) as a clear gum. 
PartD 

25 A round bottom flask was charged with a magnetic stir bar, di(rert'-butyl) 2-butyl- 

l-(2-hydroxyel3iyl)-^,7,8,9-tetrahydro-lif-imidazo[4,5H:]quinolin-4-ylimidodi 
(0.55 g, 1.13 mmol) and anhydrous dichloromethane (1 1 mL) under a nitrogen 
atmosphere. The resulting homogeneous solution was cooled to -10 in a methanol/ice 
' batibu To the cooled solution was added trietfaylamme (0.23 g, 2.26 mmol) and 

30 methanesulfonyl chloride (0.19 g, 1.70 mmol). The reaction was judged to be complete 
after stirring at -10 for 15 minutes and was then partitioned between ettyl acetate and 
saturated aqueous ammonium chloride. The layera were separated. The organic layer was 
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washed widi saturated aqueous sodium bicarbonate and brine, dried over anhydrous 
sodium sulfate, filtered and then concentrated under reduced pressure to afford I^IA- 
[bis(/ert-butoxycaibonyl)armno]-2-butyl-6J,8,9-tetrahydro-l/f-imida2o[4,5-^]^^ 
yl}e&yl metfaanesulfonate (0.61 g, 1.08 xnmol) as a gummy yellow solid. The material 
5 was used without further purification, MS (CI) for C27H42N4O7S m/z 567 (MH*), 467, 
367,271. 
PartE 

A round bottom flask was chaiged with a magnetic stir bar, 2-{4-[bis(teit- 
butoxycarbonyl)amino]-2-butyl-6,7,8,9-1etiahydro-l/f-]xmdaz^ 

10 me&anesulfonatB (0.61 g, 1.08 mmol), benzenethiol (021 g, 1.88 mmol), tiietl^lamine 
(025 g, 2.43 mmol) and anhydrous dimethyl formamide (1 1 mL) under a nitrogen 
atmosphere. The reaction mixture was heated to 80 ''C to give a dark yellow, 
homogeneous solution that was maintained at 80 "^C for 2.5 hours at which time the 
reaction was judged to be complete. The solution was cooled and then partitioned 

15 between ethyl acetate and saturated aqueous sodium bicarbonate. The layers were 

separated. The organic layer was washed with saturated aqueous sodium bicaibonate and 
brine, dried over anhydrous sodium sulfate, filtered and fhcn concentrated under reduced 
pressure to afford a yellow oil. The material was purified by chromatography over silica 
gel (95/5 dichlorome&ane/methanol) to provide di(/er/-butyl) 2-butyl-l-[2- 

20 Q)henyl1faio)e%l]-6,7,8,9-tetrahydro-lH-irnidazo[4,5-c]quino1in-4-y^ 

(0.54 g. 0.93 rmnol) as a ligjbt yellow oiL MS (CI) for C32H44N4O4S m/z 581 (Mif), 481, 

381,245. 

PartF 

A round bottom flask was charged witti a magnetic stir bar, di(tertAmtyf) 2-bulyl- 
25 l-[2-(phenylthio)ediyl]-6,7,8,9-tetrahydn>-l/^imidazo[4,5-c]quinol^^ 

ylimidodicarbonate (0.50 g, 0.86 mmol), a 4 M solution of hydrochloric acid in dioxane (5 
mL), and dichloromethane (5 mL). The reaction was judged to be complete after stirring 
at ambient temperature for 2 hours. The volatiles were removed under reduced pressure to 
afford an off white solid. The material was recrystallized fipom acetonitrile to provide 2- 
30 butyl-l-[2-<phenylthio)ethyl]-6,7,8,9-tetrahydro-lH-imidazo[4,5-<:lqu^ 

hydrochloride (0.17 g, 1.30 mmol) as fluffy white needles, m.p. 237-238 Analysis. 
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Calculated for C22H28N4S '(IhO)^' (HCYh: %C 57.70; %H, 6.71; %N, 1223. Found %C 
57.62; %H, 6,57; %N. 12.41 

'H-NMR (300 MHz. DMSO) 8 7.81 (bs. 2H), 5 7.22-7.39 (m. 5H), S 4.64 (t, J = 6.8 Hi, 
2H), 8 3.40 (t, J = 6.8 Hz, 2H). 8 2.75 (m, 6H). 8 1 .71 (m, 6H), S 1 .34 (sextet. J = 7.3 Hz, 
2H),80.89(t,J = 7.3Hz.3H) 

MS (CI) for C22H28N4S (H20)iM(Ha)2 m/z 381 (MH*). 245, 137 

Example 3 

2-butyl-l-[4-(phenylsulfoii>1)faatyl]-l/r-imidazo[4,5 

f 




10 

PaitA 

Using the general metiiiod of Example 1 Part E, 2-butyl-l-(4-{[/er/- 
butyl(dimethyl)sUyl]oxy}butyl>lif-imidazo[4,5-c]qumoline (16.0 g, 38.87 mmol) was 
oxidized to 2-butyl-l-(4-{[/^-butyl(diniethyl)silyl]oxy}butyl)-l/f-imidazo[4,5- 
15 c]quinoline-5N-oxide (16.61g, 38.87 mmol) which was isolated without purification as a 
tan solid. 
PartB 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l-(4-{[^6ft- 
bu9l(dime%0sflyl]oxy}butyl>l^-imidazo[4,S-c]quinoliDe-5NHXxid^ (16.61 g, 38.87 

20 mmol), a 14.8 M solution of ammonium hydroxide in water (75 mL) and chloroform (200 
mL). To tfie rapidly stiiring solution was added p-toluenesulfon^ chloride (8. 1 5 g. 42.76 
mmol) in a portion wise &shion resulting in a mild exothenzL The reaction was judged to 
be complete after stirring at ambient temperature for 10 minutes. The solution was 
partitioned between chloroform and aqueous saturated sodium bicarbonate. The layers 

25 were separated. The organic layer was washed with saturated aqueous sodium bicaibonate 
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and brine, dried over anhydrous sodium sulfite, filtered and then concentrated under 
reduced pressure to afford an ofif-white solid. The material was triturated with ethyl ether 
and coUected by fQtration to provide 2-butyl-l-(4-{[/e7t-butyl(dimethyl)silyl]oxy}butyl)- 
ljy-inuda2o[4,5-c]quinoKn-4-amine (9.3 g, 21.80 mmol) as a fine white powder. The 
5 material was used widiout fiirtfaer purification. 
Parte 

A round bottom flask was charged with a magnetic stir bar, 2-butyl-l-(4-{[ter^- 
butyl(dimcthyl)sflyl]oxy}bufyl>l/r-nnidazo[4,5«<:]q^^ (9.2 g, 21J6 mmol). 

a IM solution of tetiabutylammonium fluoride in tetrahydroiiiran (23.72 mL, 23.72 

10 mmol), and anhydrous tetrahydrofiiran (100 mL) to give a homogeneous, light orange 

solution. The reaction was judged to be complete after stirring at ambient temperature for 
1 hour. While stirring, water (100 mL) was added and resulted in a mild exodiemi. Ihe 
volatilea were removed under reduced pressure until a solid precipitated out of solution. 
The soUd was collected by filtration and washed with water (20 mL) and acetone (20 mL) 

15 to affoxd.a white solid The material was trihirated with ethyl ether (50 mL) and coQected 
by filtration to provide 4-(4-ammo-2-butyl-lir-nmda2o[4,5-c]quinolm-l-yl)butan-l-ol 
(6.12 g, 19.59 mmol) as a fine white solid, m.p. 1 84-186 

Analysis. Calculated for C18H24N4O: %C 69.20; %H, 7.74; %N, 17.93. Found %C 69.05; 
%H, 8.02; %N. 18.03 
20 MS (CI) fi>r Ci8lfe4N40 m/z 313 (MH*) 
PaitD 

A round bottom flask was charged with a magnetic stir bar, 4-(4-amiiio-2-but^- 
lH-unidazo[4,5-c]quinolin-l-yl)butan-l-ol (7.3 g, 23.37 mmol), triethylamine (3.55 g, 
35.06 mmol), and anhydrous dimethyl formamide (93 mL) under a nitrogen atmosphere. 

25 To the stirred solution was added phosphorus oxychloride (3 .94 g, 25.70 mmol) in a drop 
wise fishion resulting in an exodierm to give a dark yellow heterogeneous reaction 
mixture. The reaction mixture was heated to 60 ^C to give a homogeneous solution that 
was main t ain ed at 60 ^C for 5 hours at which time the starting material was completely 
consumed. The volatiles were removed under reduced pressure to give a dark brown oil. 

30 The material was partitioned between chloroform and saturated aqueous sodium 
bicarbonate. The layera were separated and die aqueous layer was extracted wifli 
chloroform (Ix). The organic layers were combined and die volatQes removed under 
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reduced pressure to afford a 2:1 mixture of A^-(2-butyl-l-(4-chlorobutyl)-l/f-imida2o[4,5- 
c]quinolin-4-yl]-i^^-dimethylimidofonnainide and 2-butyl-l-(4-chlorobutyl)-l/f- 
imidazo[4,S-c]quinoliii-4-ainiiie (7.70 g) as an off-white solid. The material was used 
widiout furttier purification. 
5 PartE 

A round bottom flask was chaiged with a magnetic stir bar, a 2: i mixture of iV-[2- 
bu^-l-<4-cUoiobutyl>li/-imida2o[4,5'<:]quinolin-4-yl]-//^^ 

and 2-butyl-l-(4-cUorobutyI)-lff-imidazo[4,5-c]quinolin-4-anu^ (1.3 g), benzenesulfinic 
acid sodium salt (1 .67 g^ 10.1 1 mmol), and anhydrous dimethyl formamide (15 mL) under 

10 a nitrogen atmosphere. The resulting solution was heated to 100 ®C to give a 

homogeneous solution that was maintained at 1 00 ^'C for 90 hours at which time die 
starting materials were completely consumed. The solution was cooled and tiien 
partitioned between chloroform and water. The layers were separated The organic lay er 
was washed with saturated aqueous sodium bicarbonate and brine, dried over anhydrous 

IS sodium sul&te, filtered and then concentrated under reduced presstne to afford a dark 
yellowgum. The material was dissolved in methanol (20 mL) and a 4 M solution of 
hydrochloric acid in dioxane (3.02 mL» 12.1 mmol). The ligiht orange solution was stirred 
at ambient tenqperature for 12 hours at which time the reaction was judged to be complete. 
The volatOes were removed under reduced pressure to give a li^t yeUow gum. The 

20 material was partitioned between chloroform and saturated aqueous sodium bicarbonate. 
The layers were separated and the aqueous layer was extracted with chloroform (Ix). The 
organic layers were combined, washed widi brinei, dried over anhydrous sodium sulfate, 
filtered and then concentrated under reduced pressure to afford a light yellow solid. The 
material was purified by chromatognqphy over silica gel (95/5 dichloromediane/medianol) 

25 to give an off-white solid. The solid (0.63 g) was dissolved in ethyl acetate (50 mL) and 
brought to reflux. Activated charcoal (0.6 g) was added and the resulting mixture was 
heated at reflux for 5 minutes. The charcoal was removed by filtration through fluted 
p^er to provide a coloriess solutioxL The solution was concentrated under reduced 
pressure to give a solid that was recrystallized from ethyl acetate and hexanes to provide 

30 24)u^l-l-[4-^henylsulfonyObutyll-lH-imida2o[4,5-c]quinolin-4-^iM (0.37 g, 0.85 
mmol) as a white fluffy solid, m.p. 179-180 ""C. Analysis. Calculated for Cz4H28N402S: 
%C 66.03; %H, 6.46; %N. 12.83. Found %C 65.88; %H, 6.49; %N. 12,76 
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'H-NMR (300 MHz. DMSO) 5 7.98 (d. J = 8.3 Hz. IH), 8 7.82 (m. 2H) 8 7.73 (d, J = 7.3 
Hz. IH). 5 7.62 (m. 3H) 6 7.41 (t. J = 7.6 Hz. IH), 8 7.22 (t. J = 7.6 Hz, IH), 8 6.45 (bs, 
2H), 8 4.51 (t. J = 7.3 Hz, 2H). 8 3.90 (t. J = 7.8 Hz, 2H), 8 2.86 (t. J = 7.6 Hz. 3H). 8 
1.69-1 .90 (m, 6H). 8 1.43 (sextet. J = 7.3 Hz. 2H). 8 0.95 (t. J = 7.3 Hz, 3H) 
5 MS(CI)forC24H28N402Sin/z437(MH*).295 

Exaiiq>le4 

24tttyl-H4Kmetfaylduo}bitlyl>l^-iini<]azo[4,S-«]quiiiot^^ 




. . f 

10 PaitA 

A round bottom flask was chaxged with a magnetic stir bar, a 2:1 mixtiue of ^-[2- 
butyl-l.(4-cWorobutyI)-lH-iinidazo[4,5^]qmnolm-4-yl]-JV^^ 
and 2-butyl-l-(4-cWorobutyl>l/r-imidazo[4,5-c]qiimolin-4-amine (6.17 g), a 4 M solution 
of hydrochloric acid in dioxane (21.15 mL, 84.56 nnnol), and methanol (200 mL) to 

15 provide a light orange solution. The reaction was judged to be con:q)lete after stirring at 
ambient temperature for 43 hours. The volatiles were removed under reduced pressure 
and &e resulting light yellow solid was partitioned between chloroform and saturated 
aqueous sodium bicarbonate. The layers were separated and the aqueous layer was 
extracted with cUorofonn (Ix). The organic layers were combined, dried over anhydrous 

20 sodium sul&te, filtered and then concentmted under reduced pressure to afford 24)utyl-l- 
(4-chlorobutyl>lfr-tmidazoi4,5-c]quinoliii-4-amin€ (4.65 g, 14.05 mmol) as an off-white 
solid. The material was used wiOout further purification. MS (Q) for Ci8HbClN4 m/z 
331 (MH*), 295. 
Parte 

25 A round bottom flask was charged with a magnetic stir bar, 2-butyl-l -{4- 

chlon)butyl>l^f-imidazo[4,5-c]quinolin-4-amiue (1.5 g, 4.53 mmol), sodium 
thiome&oxide (0.48 g, 6.80 mmol), and anhydrous dimethyl formamide (1 8 mL) under a 
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nitrogen atmosphere* The reaction mixture was heated to 60 °C to give a homogeneous 
solution that was maintained at 60 °C for 16 h urs at which time the starting material was 
completely consumed. The solution was cooled and then partitioned hetween chloroform 
and water. The layers were separated and the organic layer was washed with saturated 
5 aqueous sodium bicarbonate. The combined aqueous layers were extracted with 
chloroform (Ix). The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfftte, filtered and dien concentrated under reduced pressure to afford 
a dark brown oil. The material was purified by chromatography over silica gel (90/10 
dichloromethane/mettanol) to provide a light yellow solid. The solid was recrystallized 
1 0 from dimethyl formamide and water to give 2-butyM-(4-(methylthio)butyl]-l if- 

hnidazo[4,5-c]quinolin-4*amine (0.83 g, 2.42 mmol) as lig|it yellow needles, m.p. 127-130 

Analysis. Calculated for C19H26N4S: %C 66.63; %H, 7.65; %N, 16.36. Found %C 66.68; 
%H, 7.53; %N, 1635 

15 'H-NMR (500 MHz. DMSO) 6 8.04 (d, J = 8.3 Hz, IH), 5 7.61 (d, J = 83 Hz, IH), 5 7.41 
(t. J = 8.3 Hz, IH). 8 7.25 (t, J = 8.3 Hz, IH), 5 6.43 (bs, 2H). 8 4.52 (t. J = 7.6 Hz. 2H). 8 
2.92 (t, J = 7.8 Hz, 2H), 8 2.53 (t, J= 7.3 Hz, 2H), 8 2.01 (s, 3H), 6 1.90 (m, 2H) 8 1.80 (p. 
J =7.8 Hz, 2H) 8 1.71 (p. J = 7.3 Hz, 2H) 8 1.46 (sextet, J = 7.3 Hz, 2H), 8 0.96 (t, J = 7.3 
Ez,3H) 

20 MS(CI)forC|9lU«N4Siii/z343(MH*),295,241 
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Example 5 

2-bufyl-l-[4<metfaylsulfonyl)butyl].lif-iinidazo(4,5-c]quu^ 




PartA 

5 A round bottom flask was charged with a magnetic stir bar, 2-bu^l-l-[4- 

(mc&yllHo)butyl]-lH-imidazo[4,5^]quinolin-4-amine (1 .2 g, 3.50 mmol), and 
chlorofonn (18 mL). Solid 3-chIoropeibenzoic acid (1.72 g, 7.71 nunol) was added to the 
tesuhing sohition portion wise over 15 minutes. The reaction was judged to be complete 
after stirring at ambient tempetatore for 5 minutes. The sphitioa was partitioned between 

10 chloroform and 1% aqueous sodium carbonate. Tlie layers were separated and ^ organic 
layer was washed with brine, dried over anhydrous sodium sul&te, filtered and then 
concentrated under reduced pressure to afford a light brown solid. Tbe material was 
purified by chromatography over sflica gel (90/10 dichlorometiiane/metibanol) to provide 
an off-white solid. The solid was lecrystallized from acetonitrile and water to give 2- 

15 butyl-l-[4-(mcthylsulfonyl)butyl]-lH-inridazo[4,5-c]qujnolm (0.61 g, 1.63 

mmol) as off-white needles, m.p. 164-165 °C. 

Analysis. Calculated for C19H26N4O2S: %C 60.94; %H, 7.00; %N, 14.96. Found %C 
60.71; %H. 6.94; %N, 14.94 

'H-NMR (300 MHz. DMSO) S 8.03 (d. J - 8.3 Hz, IH), 5 7.61 (41 = 8.3 Hz, IH). 8 7.42 
20 (t, J - 8.3 Hz, IH), 5 7.26 (t, J - 83 Hz, IH), 8 6.46 (hs, 2H), S 4.56 (t, J - 7.6 Hz, 2H), 6 
3.21 (t, J« 7.3 Hz, 2^, 8 2.96 (s, 3H), 8 2.93 (^ J= 7.8 Hz, 2H), 8 1.91 (m, 4E5, 8 1.81 
(p, J « 7.3 Hz. 2H), 8 1.45 (sextet, J = 7.3 Hz, 2H), 8 0.96 (t, J = 7.3 Hz, 3H) 
MS (GO for Ci9H26N(QzS m/z 375 (MH^. 295 
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Example 6 

l-[2-(phenylthio)etfayl]-l/f-iiiudazo[4,5-c]quin lin-4«amme 




PartA 

5 A round bottom flask was charged with a magnetic stir bar, 2-(4-amino-liif- 

imidazo[4,5-c]quinolin-l-yl)etiianol (8.46 g. 37.06 mmol), and thionyl chloride (68.99 g, 
57.99 mmol) mider a nitrogen atmosphere. The reaction mixture was heated to 80 **€ to 
give a heterogeneous reaction mixtuxe that was maintained at 80 for 2 hours at which 
time starting material wajs completely consumed. - The solution was cooled and 

10 quenched by llie addition of water (400 mL). To the stirred solution was added solid 
sodium carbonate until the pH reached 10 at which time a solid precipitated out of 
solution. The solid was collected by filtration to afford l-(2-chloroethyl>lfr-imidazo[4,5- 
c]quixiolirw4-amine (7.86 g, 31.86 mmol) as an off-white solid The material was used 
without further purification. 

15 Parts 

X A round bottom flask was charged with a magnetic stir bar, l-{2-chloioethyl)-lH- 

imida2o[4,5-c]quinolin-4-amine (2.0 g, 8,11 mmol), sodium benzenethiolate (1.79 g, 12.16 
nmiol), and anhydrous dimethyl sulfoxide (40 mL) under a nitrogen atmosphere. The 
reaction mixture was heated to 100 to give a homogeneous solution that was 

20 maintained at 1 00 for 30 minutes at which time tiie starting material was completdy 
consumed. The hot solution was poured into rapidly stined water (300 mL) >n4iich caused 
a solid to precipitate out of solution. The solid was collected by filtration to afford an off- 
wfaitesolid. The material was triturated wifliacetonitnle and coUected by filtration to give 
l*[2-(phenyltiuo)etiiyl]-lf^imidazo[4,5w:]qu]nolin-4-amine ^.08 g, 6.49 mmol) as an off- 

25 white powder, m. p. 233-235 *C. 
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Analysis. Calculated for C,8Hi6N4S: %C 67.47; %H, 5.03; %N, 17.49. Found: %C 67.20; 
%H. 4.95; %N, 17.52 

'H-NMR (300 MHz, DMSO) 5 8. 14 (s, IH), 5 7.76 (d, J = 8.3 Hz, IH). 5 7.60 (t, J = 8.3 
Hz, IH). 5 7.28-7,44 (m, 6H), 5 7.12 (t, J « 8.3 Hz, IH). 5 6.58 (bs. 2H), 8 4.79 (t, J - 6.8 
5 Hz,2H),5 3.48(t,J = 6.8Hz,2H) 

MS (CI) for Ci8H,6N4S m/z 321 (MH*), 185, 137 

Example 7 

l-[4^hcnylsulfonyl)butyl]4/f-iinidazo[4,5-<]quTO 



10 




A round bottom flask was charged with a magnetic stir bar, ////-dibenzyl-Lff- 
imidazo[4,5w:]quinolin-4-amine (20.0 g, 55,04 mmol), sodium hydride (3.3 g, 60% 
dispersion, 82.56 mmol), and anhydrous dimethyl formamide (275 mL) under a nitrogen 
atmosphere. After the reaction mixture had stined at ambient temperature fia- 2 homs, 4- 
chloro-l-iodobutane (19.23 g, 88.06 mmol) was added and die resulting homogeneous 
solution was stirred at ambient temperature for 48 hours at which time the starting material 
was consumed. The solution was partitioned between ethyl acetate and water. The layers 
were separated and the organic layer was washed with saturated aqueous sodium 
bicaibonatB and brine, dried over anhydrous sodium sulfite, filtered and then concentrated 
under reduced pressure to aflford a ligjit yellow solid. The material was rcciystallized fiom 
oftyl acetate and hexanes to give iV^-diTien2yl-l-<4H;hlorobutyl>l^-imidazo[4,5- 
c]quinolin-4-amine (20.7 g, 45.49 mmol) as white needles, MS(CI)forC2sIfc7CIN4m/z 
455 (MH*). 365, 329, 239 
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PartB 

A round bottom flask was charged with a magnetic stir bar, AyV^dibenzyl-l-(4- 
chlorobutyl)-l/f-iiaidazo[4,5-c]quinolm-4-anune (7.0 g, 15.38 mmol), sodium 
benzenethiolate (3.46 g, 26. 1 5 mmol), and anhydrous dimethyl formamide (77 mL) under 

5 a nitrogen atmosphere. Hie reaction mixture was heated to 60 to give a heterogeneous 
mixture tiiat was maintained at 60 °C for 4 hours at which time the starting material was 
completely consumed. The cooled solution was partitioned between e&yl acetate and 
water. The layers were separated. The organic layer was washed with saturated aqueous 
sodium bicarbonate and brine, dried over anhydrous sodium sul&te, filtered and then 

0 concentrated under reduced pressure to afford a colorless oil. The material was purified 
by chromatography over silica gel (80/20 hexanes/ethyl acetate) to provide ^,^-<libenzyl- 
l-[4-(phenylthio)butyl]-l/r-imidazo[4,5-^]quinolin-4-amine (7.5 g, 14.19 mmol) as a 
colorless oil MS (CI) for C34H32N4S m/z 529 (MH*), 439, 349 
Parte 

5 A round bottom flask was charged with a magnetic stir bar, iV,^-dibenzyl-l-[4- 

(phenyl^o)butyl]-l/f-imidazo[4,5-c]quinolin-4-amine (3.64 g, 6.88 mmol) and 
' chloroform (34 mL). Solid 3-chIoroperbenzoic acid (3.39 g, 15.14 mmol) was added 
portion wise to the resulting solution over 5 minutes. The reaction was judged to be 
complete after stirring at ambient temperature for 5 minutes. The solution was partitioned 

0 between chloroform and 1% aqueous sodium carbonate. The layers were separated. The 
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered and 
&en concentrated under reduced pressure to afford a red gum. The material was purified 
by chromatography over silica gel (dichloromefeane) to provide M^-<Kben2yH-[4- 
(pheiiylsulforxyl)butyl]-li7-iinidazo[4,5-c]quinolin-4-aiiiine '(2 g, 5.08 mmol) as a light 

5 pink gum. MS (CI) for C34H32N4Q2S m/z 561 (MH*), 471. 381 
PartD 

A round bottom flask was charged with a magnetic stir bar, A^,M<iibenzyl-l-[4- 
(phenylsulfoxxyl)butyl]-lf^imidazo[4,5-c]qumolin-4-amine (1.0 g, 1.78 nunol), triflic acid 
(2.68 gi 17.83 mmol), and anhydrous dichlorometfaane (14 mL) under a nitrogen 
10 atmosphere. The reaction was judged to be con^lete after stirring at ambient temperature 
for 24 hours. The solution was partitioned between chloroform and excess aqueous 
sodium hydroxide (20%). The layera were separated. The aqueous layer was extracted 
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with chloroform (3x). The organic layers were combined and th n concentrated mider 
reduced pressure to afford a light brown solid. The material was purified by 
chromatography over siUca gel (90/10 dichloromeftane/methanol) to provide a fine white 
powder which was reciystaUized from acetomtrile to give l-[4-(phenylsulfonyl)butyl]-lH- 
5 imida2o[4.5-c]qiiinolin-4-amine (0.32 g, 0.84 mmol) as white needles, m. p. 175-177 ''C. 
Analysis. Calculated for C20H20N4Q2S: %C 63.14; %H, 5.30; %N, 14.73. Found: %C 
63.14; %H. 5.24; %N, 14,77 

'H-NMR (300 MHz, DMSO) 8 8.15 (s, IH). 5 8.01 (d, J = 8.3 Hz. IH), 5 7.80 (m. 2H), 5 
7.71 (m, IH), S 7.60 (m, 3H), 8 7.44 (t, J = 8.3 Hz. IH), 8 7.24 (t, J» 8.3 Hz, IH), 8 6.59 
10 (bs, 2H). 84.59 (t. J« 6.8 Hz, 2H), 8 3 J8 (t, J = 7.8 Hz, 2H), 8 1.93 (m. 2H). 8 1.58 (m, 
2H) 

MS (CI) for C20H20N4O2S m/z 381 (MH*), 239 

Examples 

l-[4Kmethylsulfonyl)bufyl]-l/f.inridazo[4,5-c]quinolin-4^ 




PartA 

Usmg die general method of Example 7 Part B, M^-dibenzyH-(4-chlorobutyl)- 
l/f-imidazo[4,5<]quinolin-4-amine (5.0 g, 10.99 mmol) was converted to NJ^-^SbeazyU 
l-[4-(metltylthio)butyl]-l£r-mdazo[4,5-^]quinolin-4^ using sodium fliiomethoxide 
(1.16 g, 16.48 mmol). The material was purified by chromatography over silica gel (80/20 
hexanes/ethyl acetate) to provide the pnjduct (4.91 g, 10.52 mmol) as a colorless oil MS 
(CI) for C29H30N4S m/z 467 (MH*), 377, 287, 185 
Parte 

Using the general metiiod of Example 7 Part C, MMdibcnzyl-l-[4- 
(metfayltfuo)butyl]-l/r-imidazo[4,5^]quinolin-4-amine (4.91 g, 15.52 mmol) was oxidized 
to /V'//^T)en2yl-l-[4-(methylsulfon^^^ which 
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was purified by chromatography over silica gel (80/20 hexanes/ethyl acetate) to provide 
the product (4.53 g, 9.08 nimol) as a light orange solid. MS (CI) for C29H30N4O2S m/z 
499 (MH*), 409, 319 
Parte 

S Using the general method of Example 7 Part D.A'^iV^eii^^ 

(metfaylsulfonyl)butyl]-li7-inudazo[4»5-c]qumolin-4-ami^ (4.53 g, 9.08 mmol) was 
converted to l-[4-(methylsulfonyl)butyl]-lH-imidazo[4^H^]quino The 
material was recrystallized fiom meOanol and water to afford the tide compound (1 33 g, 
4.18 mmol) as white needles, m.p. 203-204 ^C. 

10 Analysis. Calculated for CisHi8N4(>2S: %C 56.58; %H, 5.70; %N, 17.60. Found: %C 
56,33; %H. 5.63; %N, 17.41 

*H-NMR (300 MHz. DMSO) 8 8.22 (s, IH), 8 8.06 (d, J = 8.3 Hz, IH), S 7.62 (d, J = 8.3 
Hz, IH), 5 7.45 (t, J = 8.3 Hz, IH), 5 727 (t, J = 8.3 Hz, IH), 8 6.59 (bs, 2H), 8 4.65 (t, J = 
6.8 Hz. 2H), 8 3,19 (t, J = 7.8 Hz, 2H), 8 2.93 (s, 3H), 8 1.99 (m, 2H), 8 1.74 (m, 2H) 
15 MS(CI)forCi5H|gN4Q2Sm/z319(MH*),239 

Example 9 

l-[4-^henyltfiio)butyl]-lif-imidazo[4,5-c]quinolin-4-amine 

1 




20 PartA 

Using the general mediod of Example 1 Part D, Ar-(4-{[/err- 
batyKdimed]yl)silyl]oxy}butyl)quinoIine-3,4-dianiine (101.21 g, 292.90 mmol) was 
cyclized to l-(4-{[teft4mfyl(dime%l)silyl]oxy}bulyl)-lfr-imidazo[4,5-c]qu^ using 
trietfayl oxIfaofoimatB (65.11 g, 439 J5 mmol). The product (75.0 g, 210.93 mmol) was 
25 isolated as a brown oil and used wilfaoutfiirdier purification. 
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PaitB 

Using the general method of Example 1 Part E, l-(4-{[/m- 
butyl(dimethyl)sUyl]oxy}butyl)-lif-imida2o[4,5-<:]qumoline (422 g, 11 8.69 mmol) was 
oxidized to l-(4-{[^er/-butyl(dimethyl)silyl]oxy}butyl)-lJ^-imidazo[4,5-c^ 
5 oxide (44.10 g, 1 18.69 mmol) which was isolated without further purification as a tan 
solid. 
Parte 

Using the general method of Example 3 Part B, l'(4' {[tert^ 
butyl(dimetfayl)silyl]oxy}butyl>l/r-imida2»[4,5-c]qui^ (44.10 g, 118.69 

10 mmol) was aminated to provide H4-{[terf-but^(dimeffayOsiiyi]oxy}butyl)-lff- 
miidazo[4,5-c]quinolin-4-amuie. Tlie material was triturated wifli ethyl ether and 
collected by fQtiation to afford the product (21.54 58.12 mmol) as a light brown solid 
which was used without fiirfiier purification. 
PartD 

15 Using die general method of Example 3 Part C, l-(4-{[/crt- 

butyI(dimethyOsiIyl]oxy}butyl)-l/r-imidazo[4,5'^]quinolin-4-amine (21.5 g, 58.02 mmol) 
was couA^rted to 4-(4-amino-IH-imidazo[4,5-c]quinolin-l-yl)butan-l-oL The material 
was triturated with cold medumol (0 and collected by filtration to afford the product 
(1 3.92 g» 54.30 mmol) which was used without fur&er purification. MS (CI) for 

20 Ci4Hi<N40 m/z 257 (MH*), 185 
PartE 

Using the general melhod of Example 6 Part A, 4-(4-amino-lif-miida2o[4^- 
c]quinolin-l-yI)butBn-l-ol (5.0 g, 19.51 mmol) was chlorinated to provide l-(4- 
chlorobutyl)-lf^'imidazo[4,5-c]quinolin-4-amine (4.92 g, 17.91 mmol) which was isolated 
25 without furtiier purification as an ofif-white solid. 
Part? 

Using the general method of Example 6 Part B, except that the reaction 
tenq)erature was lowered to 80 ''C, l-(4-chlorobutyl)-lif-imidazo[4,5H:]q\iinolin-4-amine 
(1.5 g, 5.46 mmol) was converted to l-[4-^henyl1hio)butyl]-lH-imidazo(4,5-c]quinolin-4- 
30 amine. The resulting soUd(l .53 g) was dissolved macetonitrile (90 mL) and brought to 
reflux. Activated charcoal (0.9 g) was added and the resulting mixture was heated at 
reflux for 5 minutes and flien the charcoal was removed by filtration through fluted paper 
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to provide a c lorless solution. The title compound (0.86 2.47 nunol) was isolated as 
white needles, m.p 1 58-1 60 ^^C. 

Analysis. Calculated for C20H20N4S: %C 68.94; %H, 5.79; %N, 16.08. Found: %C 68.70; 
%H, 5.74; %N, 16.08 

5 "H-NMR (300 MHz. DMSO) 5 8.18 (s. IH), 8 8.05 (d, J = 8.3 Hz, IH), 5 7.63 (d, J = 8.3 
Hz, IH), 8 7.45 (t, J = 8.3 Hz. IH), 8 7.26 (m. 5H), S 7.14-7.19 (m, IH). 8 6.60 (bs, 2H), 8 
4.62 (t, J = 6.8 Hz, 2H). 8 3.00 (t. J = 7.3 Hz, 2H), 8 2.00 (m. 2H), 8 1 .6 1 (m, 2H) 
MS (CI) for C2oH2oN4S m/z 349 (MH^, 185 

10 Example 10 

l-[4-(methyltfiio)bu1yI]-l/^iniidazo[4,5-c]qumolin-4-amine 




f 

Part A 

Using die general method of Example 6 Part B, except Uiat the reaction 
15 temperature was lowered to 80 °C, l-(4-chlofobutyl)-l/f-imidazo[4,5-c]quinolm-4-aminc 
(1.5 g, 5.46 mmol) was converted to l-[4-(methylihio)butyl]-lH-imidazo[4,5-c]quinolin- 
4-amine using sodium thiomethoxide (0.88 g, 12.56 mmol) in lieu of sodium 
benzenethiolate. The resulting solid (1 .26 g) was dissolved in acetonitrile (40 mL) and 
brought to reflux. Activated charcoal (0.7 g) was added. Oe resulting mixture was heated 
20 at reflux for 5 minutes and Oen the charcoal was removed by filtration through fluted 
paper to provide a colorless solution. The solution was concentrated under reduced 
pressure to give a solid that was recrystallized from acetonitrile. The title confound (0.66 
g, 2.30 mmol) was isolated as white needles, ULp 163-164 ''C. 

Analysis. Calculated forCisHi8N4S: %C 62.91; %H, 6.34; %N. 19.56. Found: %C 62.70; 
25 %H, 6.19; %N, 19.45 
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20 



'H-NMR (300 MHz. DMSO) 5 8.21 (s, IH), 5 8,06 (d, J = 8.3 Hz, IH), 8 7.62 (d, J = 8,3 
Hz, IH). 5 7.44 (t, J = 8.3 Hz, IH). 6 7.26 (t, J= 8 J Hz, IH), 6 6.59 (bs, 2H), 6 4.62 (t, J= 
7.6 Hz, 2H), 5 2.50 (t. J = 6.8 Hz. 2H). 5 1.99 (s, 3H), 8 1,95 (p. J » 7.3 Hz, 2H), 6 1.59 (p, 
J-7.3Hz,2H) 

MS (CI) for C15H18N4S 111/2 287 (MH*), 185 

Example 11 

2^^1-l-[5<metIiyl8ulfonyl)peiityl].lff^ 




10 Part A 

Usiag the general method of Example 1 Part A, 4^:hlon>-3-iutroquinoIine (107.7 g, 
525.87 mmol) was converted to 5-[(3^tn)quiiiolin-4-yl)ammo]pcntaii-l-ol using 5- 
amino-l-pentanol (79.82 g, 788.81 mmol) in Ueu of 4.amina4}utanoL The product 
(1 17.22 g, 425.77 mmol) was used without further purification as a dark yellow solid. MS 
1 5 (CI) for Ci4HnN303 m/z 276 (MH*), 224 
PartB 

A round bottom flask was charged with a magnetic stir bar, 5-[(3-mtroquinolin-4- 
yl)amino]pentan-l-ol (5.0 g, 18.16 mmol), and tfiionyl chloride (40.78 g, 0.34 mmol) 
under a nitrogen atmosphere. The reaction mixture was heated to 80 ''C to give a 
homogeneous sohitioii that was maintained at 80 ^^C for 1 hour at which time the starting 
mataial was completely consumed. The volatiles were removed undar reduced pressure 
and die resulting oil stincd in water made basic (pH 10) wifli solid sodium carbonate. The 
resulting solid was collected by filtration to aflford AK5-chIoropentyO-3-nitroquinolin-4- 
amine (4.80 g, 16.34 mmol) which was used wifliout further purification. 
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Parte 

Using the general method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 ^C, iV^5-chloropentyl)-3-nitroquinolin-4-amine (4.75 g, 
16.17 mmol) was converted to ^-[5-(methyltfiio)pentyl]-3-nitroquinolin-4-amine using 
S sodium fliiometfaoxide (L43 g, 19.40 mmol) in lieu of sodium benzenethiolate. Ihe 
product (328 g, 10.74 mmol) was isolated without further purification as a ligjht yellow 
soUd- MS(CI)forCi5H|jN3Q2Sm/z306(MH*),272,117 
PartD 

Using the general mettiod of Example 1 Part C, ^-{5-(mettiyl^o)pentyl]-3* 
0 nitioquinolin-4-amine (320 g, 10.48 mmol) was reduced to ^-[5- 

(methylthio)pentyl]quinoline-3,4-diamine (2.89 g, 10.48 mmol) which was isolated 

without furdier purification as a brown ofl. 

PartE 

Using the general mediod of Example 1 Part D, ^-[5- 
5 (methyltiiio)pentyllquinoline-3,4-diamine (2.89 g, 10.48 nunol) was cyclized to provide 2- 
butyl-l-[5-(methyltiiio)pentyl]-l/f-imidazo[4,5-c]qumoline. The material was purified by 
chromatography over silica gel (ethyl acetate) to afford the product (2.10 g, 6.15 mmol) as 
a light brown oiL 
PartF 

0 A round bottom flask was chatged with a magnetic stir bar, 2-butyl*l -[5- 

(me%ldiio)pentyl]-l/r-mudazo[4,5-c]quinoline (2.1 g» 6.15 mmol) and chlorofoim (31 
mL). Solid 3-chloroperbenzoic acid (4.41 g, 19.68 mmol) was added portion wise to die 
solution over 10 minutes and the reaction was stiiied at ambient temperature for 30 
minutes at which time the starting material was completely consimied. The solution was 

5 partitioned between chloroform and saturated aqueous sodium bicarbonate. The layers 

were separated. The oiganic layer was washed with saturated aqueous sodium bicaibonate 
and brine, dried over anhydrous sodium sulfiite, filtered and then concentrated under 
reduced pressure to afford 2-butyl-l-[5-(metfaylsulfonyI)pentyl]-li7-imida2o[4,5- 
c]quino]ine-5N-oxide (2.40 ^ 6.15 mmol) as a tan solid. Hie material was used without 

0 fiirdier purification. 
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PartG 



Using the general method of Example 3 Part B, 2-butyH-[5- 
(meaylsulfonyl)pentyl]4/r-imida2o[4,5-c]qumoline-5N-K)^ (2.40 g, 6.15 mmol) was 
aminated to provide 2-butyl-l<5-(methylsulfonyl)pentyl3-l/^imida2o[4,5-c]quinol^^ 
5 amine. The resulting solid (2«24 g) was dissolved in acetonitrile (40 mL) and brought to 
reflux. Activated charcoal (1 g) was added and the resulting mixture was heated at reflux 
for 5 minutes and then the charcoal was removed by filtration throu^ fluted pq>er to 
provide a ligjit brown solution. Upon cooling 2-butyl-l-[5-(methylsulfonyl)peniyl]-l/f- 
imidazo[4,5-c]quinolin-4-amine (0.90 g, 2.32 mmol) was isolated as white needles, m.p. 
10 173-175 ^C. 

Analysis, Calculated for C2oHW^4Q2S; %C 61.83; %H, 7^6; %N, 14.42. Found: %C 
61.58; %H, 727; %N, 14.36 

'H-NMR (300 MHz, DMSO) 5 8.01 (d, J = 8.3 Hz, IH), S 7.61 (d, J = 83 Hz. IH). S 7.41 
(t, J = 8.3 Hz, IH). 6 726 (t, J = 8.3 Hz, IH). 5 6.45 (bs. 2H3, 6 4.51 (t, J = 7.6 Hz, 2H), S 
15 3.10 (t, J = 7.8 Hz, 2H), 5 2.92 (s, 3H), 6 2.92 (t. J = 7.3 Hz, 2H). S 1.76 (m, 6H). 6 1,54 
(m, 2H). 8 1 .46 (sextet, J = 7.3 Hz, 2H), 8 0.99 (t, J = 7.3 Hz, 3H) 
MS (CI) for C2oH2gN402S m/z 389 (MH*) 



Usmg the general meAod of Example 1 Part D, i/-[5- 
(mediylthio)pentyl]quinoltne-3,4-diamine (4.53 g, 16.37 mmol) was cyclized to provide 2- 
25 methyM-[5-(methyldiio)pentyl]-l/f-imidazo[4,5-c]quinoline using 1,1,1- 

trimethoxyetfaane (2.95 g, 24.6 mmol) and pyridine hydrochloride (0.1 g)- The material 



Example 12 

2-mediyl-l-[5-(methylsiilfonyl)pentyl]-l/r-imidazo[4,5-c]quinolin-^^ 




O 



PartA 
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was triturated with etfayl ether and collected by filtration to afford tfie product (3.78 g, 
12.62 mmol) as a light brown solid which was used without furUier pinification. 
PartB 

Using the general method of Example 1 1 Part F, 2-methyl-l-[5- 
S (methyltfaio)peatyI]-l/7-imidazo[4,5-c]qumoline (3.78 g, 12.62 mmol) was oxidized to 2- 
methyl-l-[5-(methylsulfon^}pentyi]-Lif-iimdazo[4,5-^]qi^ g, 12.62 

mmol) which was isolated as a tan solid and used without purification. 
Parte 

Using the general method of Example 3 Part B, 2-metfayl-l-[S- 
10 (methylsulfonyl)pentyl]-liy-iinidazo[4,5-c]quinoline-5N-oxide (4.38 g, 12.62 mmol) was 
aminated to provide 2-metiiyl-l-[5-(methylsulfoiiyl)pentyl]-l//-imidazo[4,5-c]quinolin-4- 
amine. The resulting solid was triturated with acetonitrile and collected by filtration to 
afford the title compound (0.8 g, 2.3 1 mmol) as an off-white solid, m.p. 235-240 **C. 
Analysis. Calculated for C17H22N4O2S: %C 58.94; %H. 6.4(i; %N, 16. 17. Foun± %C 
15 58.77; %H. 6.34; %N, 16.39 

^H-KMR (300 MHz, DMSO) 6 8.02 (d, J = 8.3 Hz, IH), 8 7.60 (d, J = 8.3 Hz, IH), 5 7.41 
(t, J = 83 Hz, IH), 5 7.25 (t, J = 8.3 Hz, IH), 6 6.49 (bs, 2H), 5 4.50 (t. J = 7.3 Hz, 21^, 5 
3.12 (t, J= 7.8 Hz, 2H), 5 2.92 (s, 3H), 8 2.61 (s, 3H), 8 1.86 (m, 2H). 8 1.74 (m, 2H). 8 
1.53 (m,2H) 

20 MS (d) for C17H22N4Q2S m/z 347 (MH*), 267 
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Example 13 

2-€thyl-l.[5-(metfaylsulfonyl)pentyl]-l^-imida2o[4,5-^]qi^ 

NH, 




O 

PartA 

5 Using tiie general method of Example 1 Part D, iV^-[5- 

(methyltiiio)pentyl]qumoline-3,4-diamine (4.53 g, 16.37 mmol) was cyclized to 2-efliyl-l- 
[5-(methyltirio)pentyl]-l/f-imidazo[4,5-c]qumoline using triethyl orthopropionate (4.3 g, 
24.56 mmol) and pyridine hydrochloride (0.1 g). The material was triturated with ethyl 
ether and collected by filtration to afford the product (3.25 g, 10 J7 mmol) as an off-whitB 
10 powder which was used without further purification. 
PartB 

Using the general metfiod of Example 1 1 Part F, 2-ethyl-l-[5-(mediylthio)pentyl]- 
l/^imidazo[4,5-c]quinoline (325 g, 10.37 mmol) was oxidized to 2-€th}d-l-[5- 
(methylsuIfonyl)pentyl]-l/f-imidazo[4,5-c]quinoline-5N-oxide (3.75 g, 10.37 mmoQ 
1 5 which was isolated as a tan solid and used widiout purification. 
Parte 

Using the general metiiod of Example 3 Part B, 2-ethyH-[5- 
(methylsulfonyl)pentyl]-l/f-imidazo[4,5-c]quinoline-5N-oxide (3.75 g, 10.37 mmol) was 
aminated to provide 2-ethyl-l-[5-(methylsulfonyl)pentyl]-lif-inMdazo[4,5-c]quinol^ 
20 amine. The resulting solid was recrystallized sequentially firom eflwnol and acetonitrile to 
afford the title compound (1.4 g, 3.88 mmol) as off-white needles, m.p. 189-191 
Analysis. Calculated for C18H24N4O2S: %C 59.98; %H, 6.71; %N, 15.54. Found: %C 
59.71; %H. 6-68; %N, 15.64 

"H-NMR (300 MHz, DMSO) 8 8.01 (d. J =• 8.3 Hz. IH), 5 7.61 (d, J « 8.3 Hz, IH), 5 7.42 
25 (t. J - 8.3 Hz, IH), 8 7.26 (t, J = 8.3 Hz, IH), 8 6.45 (bs, 2H), 8 4.50 (t, J = 7.6 Hz, 2H). 8 
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3.10 (t, J = 7.8 Hz, 2H), 8 2.95 (q. J - 7.3 Hz, 2H). 5 2.92 (s, 3H), 8 1.85 (m, 2H), 8 1.74 
(m, 2H), 8 1.55 (m, 2H), 8 1.38 (t, J = 7.3 Hz, 3H) 
MS (CI) for C,8H24N402S m/z 361 (MH*), 281 

Example 14 

l*[5-<methylsu]fonyl)peiityl]-lH-iinidazo[4,5-c]qumolin-4-a 




PartA 

Using die general method of Example 1 Part D, //-[S- 
10 (metiiylthio)pen1yl]quinoline-3,4-diamine (4.53 g, 16.37 mmol) was cyclized to l-[5- 

(mediyltUo)pentyl]-lH-lmidazo[4,5-c]qumolme using triediyl ortfaofonnate (3.64 g, 24.56 
mmol) and pyridine hydrocbloiide (0.1 ^. The product (4.05 g, 14.19 nmiol) was isolated 
as a brown oil and used wittiout further purification. 
PartB 

15 Using the general method of Example 1 1 t^art F, l-[5-(methylthio)pentyll-l//- 

imidazo[4,5-c]quinoline (4.05 g, 14.19 mmol) was oxidized to l-[5- 
(methylsulfonyl)pentyl]-lH-imidazo[4,5-c]quinoline-5N-oxide (4.73 g, 14.19 mmol) 
which was isolated as a tan soUd and used without further purification. 
Parte 

20 Using the general method of Example 3 Part B, l-[5-(me1hylsulfonyl)pentyl]-l/if- 

imidazo[4,5-c]quinoline-5N-oxide (4.73 g, 14.19 mmol) was aminated to provide l-[5- 
(metiiylsuIfonyl)pentyl]-l/r-imidazo[4,5-c]quinolin-4-amine. The material was purified 
by chromatography over silica gel (95/5 dichloromethane/methanol) to a£ford a lig^t 
yellow solid. The solid was recrystallized from dimethyl fonnamide to give the title 

25 compound (0.43 g, 129 mmol) as a light yellow, granular solid, m.p. 199-201 ^C. 
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Analysis. Calculated for C,6H2oN402S: %C 57.81; %H. 6.06; %N. 16.85. Found: %C 
57.01; %H. 6.06; %N, 16.70 

'H-NMR (300 MHz, DMSO) 5 8.20 (S. IH). 8 8.04 (d, J = 8.3 Hz, IH). 8 7.62 (d, J = 8.3 
Hz. IH). 8 7.44 (t, J = 8.3 Hz, IH), 8 7.27 (t. J = 8.3 Hz, IH), 8 6.57 (bs, 2H). 8 4.61 (t, J = 
5 6.8 Hz, 2H). 8 3.09 (t, J = 7.8 Hz, 2H), 8 2.92 (s. 3H), 8 1.91 (p. J = 7.6 Hz. 2H), 8 1.73 
(m,2H),81.45(m.2I0 
MS (CI) for C16HJ0N4O2S m/z 333 (MH*) 

Example IS 

10 2-he3qrl.l45^n}e%lsulfonyI)pMityl].lff.iniidaaa[4.5-c]qiiiM^ 



20 




.0 
S 

o 



PaitA 

A round bottom flask was charged with a magnetic stir bar, iV*-[5- 
(mcthylthio)pentyl]quinoKne-3,4-diamine (3.17 g, 11.46 mmol) and anhydrous pyridine 
15 (46 mL) under a nitrogen atmosphere. The resulting homogeneous solution was cooled to 
0 '•C m an ice-water baflu To the cooled solution was added neat h^tanoyl chloride (1 .87 
g, 12.61 mmol). The reaction was judged to be complete after stirring at ambient 
temperature fori hour. The volatiles were removed under reduced pressure and die 
resulting ofl was partitioned between dilorofomi and water. The layers were separated. 
The organic layer was washed with saturated aqueous sodium bicarbonate and brine, dried 
over anhydrous sodium sulfate, filtered and then concentrated under reduced pressure to 
afford N-iA- {[5-(me%lthio)pentyl]amino}quinolin-3-yl)heptanamide (4.44 g, 1 1 .46 
mmol) which was isolated as a brown oil and used without furdier purification. 
PartB 

2^ A. round bottom flask was charged with a magnetic stir bar, M(4- {[5- 

(metfaylthio)pcntyl]amino}quinolin-3-yl)heptanamide (4.44 g, 11.46 mmol), pyridine 
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hydiocUoride (0.13 g, 1.15 inmol), and anhydrous pyridine (50 mL) under a mtiogen 
atmosphere. The reaction was judged to be c mplete after stirring at reflux for 1.5 hours. 
The solution was cooled and partitioned between ethyl acetate and water. The layers were 
separated. The organic layer was washed with saturated aqueous sodium bicaibonate and 
5 brine, dried over anhydrous sodium sul&te, filtered and then concentrated under reduced 
pressure to afford 2-he3Qd-l-[5-(meidiylthio)pentyl]-Ur-inudazo[4,5-c]qu^ (4.0 g, 
10.82 mmol) as a brown oil which was used widiout further purification. 
Parte 

Using the general method of Example 1 1 Part F, 2-hexyl-l-[5-(methylthio)pentyl]- 
10 l/f-nnidazo[4,5-c]quinoline (4.0 g, 10.82 mmol) was oxidized to 2-hexyl-l-[5- 

(me±ylsulfonyl)pentyl]-li;f-imida2o[4,5-c]quinoline-5N-oxidc (4.52 g, 10.82 mmol) 

which was isolated as a tan solid and used without further purification. 

PartD 

Using the general method of Example 3 Part B 2-hexyl-l-[5- 
15 (me%lsulfon^)pentyq-lif-imidazo[4,5-^]quinoIine-5^ (4.0 g, 10.82 mmoO was 
aminated to provide 2-hexyl-l-[5-(me%lsulfonyl)pentyl]-lfl'-imida2o[4,5H?]quinoto 
amine. The nuiterial was reciystaUized from acetonitrile to afford the tMe compou^^ 
(2.25 g, 5.40 mmol) as off-white needles, m-p. 168-171 ""C. 

Analysis. Calculated forC22H32N402S:%C 63.43; %H, 7.74; %N. 13.45. Found: %C 

20 63.06; %H, 7.66; %N, 13.81 

*H.NMR (300 MHz, DMSO) 5 8.01 (d, J = 8.3 Hz. IH), 5 7.62 (d, J = 8.3 Hz, IH), 5 7.42 
(t, J = 8.3 Hz, IH), 6 7.26 (t, J = 8.3 Hz, IH), 5 6.51 (bs, 2H), 5 4.51 (t, J = 7.3 Hz, 2H), 5 
3.10 (t, J = 7.8 Hz, 2H), 5 2.93 (s, 3H), 5 2.93 (t, J = 7.3 Hz, 2H), 5 1 .71-1.87 (m, 6H), 5 
1.54 (m, 2H), 5 1.44 (m, 2H), 5 1.33 (m. 4H), 5 0.89 (t, J « 7,3 Hz, 3H) 

25 MS (CI) for C22H32N4O2S m/z 417 (MH*), 337 
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Example 16 

2-(2-methoxyeth)d)-l-[5-(methylsulfonyl)pentyl]- 
lif-iiiudazo[4,5-c]qumolm-4-ai]]ine 




5 PartA 

A round bottom flask was charged with a magnetic stir bar, iV*-[5- 
(me1hyltfaio)pentyl]qi]]nolme-3,4-diamiiie (3.56 g, 12.93 mmol) and anhydrous pyridine 
(52 mL) under a nitrogen atmosphere. The resulting homogeneous solution was cooled to 
0 "^C in an ice^water baft. To the cooled sohition was added neat 3-methoxy{m)pionyl 

1 0 chloride (2.74 g^ 22.36 mmol). After addition of die acid chloride, fbc reaction was heated 
to reflux for 14 hours at which time die acylated intermediatB was completely consumed. 
The solution was cooled and flsen partitioned between chlorofinm and saturated aqueous 
ammonium chloride. The layers were separated The organic layer was washed with 
saturated aqueous sodium bicarbonate, dried over anhydrous sodium sulfate, filtered and 

15 then concentrated under reduced pressure to afford 2-(2-metboxyethyl)-l-[5- 

(methylthio)pentyl]-l/f-imidazo[4,5-c]quinoline (3.0 g, 8.73 mmol) which was isolated as 

a brown oil and used without further purification. 

PartB 

Using die general mediod of Example 1 1 Part F, 2-(2-medioxyediyl)-l-[5- 
20 (mediylduo)pentyl]-lff-iniidazo[4,S-c]quinolme (3.0 g, 8.73 mmol) was oxidized to 2-(2- 
medioxyediyl)-l-[5<mediylsulfonyl)penty!]-li7-inudazo[4,^^^ (3.41 
g, 8.73 mmol) which was isolated as a tan solid and used widiout iurdier purification. 
Parte 

Using the g^eral mediod of Example 3 Part B, 2-(2-medi0xyediyl)-l*[5- 
25 (mediylsulfonyl)pentyl]-l/f-imida2o[4,5-c](iuiaoline-5N-o^ (3,41 g, 8.73 mmol) was 
aminated to provide 2-<2-medioxyetl^I)-l-[5-<mediylsulfonyl)pentyl]-l/f-iinidazo[4,5- 
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c]quiiiolm-4-aniine. The resulting solid was purified by cfaiomatography ver silica gel 
(95/5 dichloromethane/methanol) to provide a gummy solid. The solid was recrystallized 
from acetonitrile to give the title compound (0.54 g, 1.38 mmol) as an off-white powder, 
m.p. 158-160 °C. 

5 Analysis, Calculated for C19H26N4O3S: %C 58.44; %H, 6.71; %N, 14.35. Found: %C 
5824; %H, 6.76; %N, 14.70 

*H-NMR (300 MHz. DMSO) 8 8.02 (d. J = 8.3 Hz, IH), 8 7.62 (d, J « 8.3 Hz, IH). 8 7.42 
(t, J = 8.3 Hz, IH), 8 7.26 (t, J = 8.3 Hz, IH), 8 6.50 (bs, 2H), 8 4.53 (t, J - 7.6 Hz, 2H), 8 
3.83 (t, J - 6.8 Hz. 2H), 8 3.30 (s, 3H), S 3.19 (t, J = 6.8 Hz, 2H). 5 3.1 1 (t, J « 7.8 Hz, 
10 2H), 8 2.93 (8, 3H), 8 1.85 (m, 2H), 8 1.76 (m. 2H), 8 1,57 (m. 2H) 
MS (O) for C19H26N4O3S m/z 391 (MH*), 359 

Example 17 

2-b9tyl-l-[5-(methyll3iio)pentyl]-l/^iinidazo[4,5-c]quino 




Part A 

Using Ae general method of Example 1 Part C, JV^5-chloropentyl)-3- 
nitToquinoliii-4-amine (2.0 g, 6.80 mmol) was reduced to provide A^-(5** 
chloropentyl)quinoline-3,4-diam]ne (1.79 g, 6.80 mmol) which was isolated as a brown oil 
20 and used wiflioutfurdier purification. 
PaitB 

Using the general method of Example 1 Part D, ^<<5-cUoropentyl)quinoIme-3,4- 
diamine (1.79 g, 6.80 mmol) was cyclized to 2-butyl-l-(5-chloropentyl)-l/f-imidazo[4,5- 
c]quinoline using trimethyl orthovalerate (2.55 g, 15.72 mmol) and pyridine 
25 hydrochloride (0.079 g). The product (1 .95 g, 5.9 1 mmol) was isolated as an oft-white 
solid and used without further purification. 
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Parte 

Using file general method of Example 1 Part E, 2-butyH-{5-chloropentyl>l/f- 
imidazo[4,5-c]quinolme (1.95 g, 5.91 mmol) was oxidized to 2-butyM-{5-chloropentyl)- 
l/r-imida2o[4,5.c]quinoline-5N-oxide (2,04 g, 5.91 mmol) which was isolated as a tan 
5 solid and used widiout fiir&er purification. 
PartD 

Using fte general method of Example 3 Part B, 2-but/l-H5-chIoropenfyl)-l/f- 
imidazo[4,5^]quinoliiie-5NH)xide (2.04 g, 5.91 mmol) was aminated to provide 2.butyH- 
(5H:hloropentyI>.lH-imidazo[4,5K;]quinolin^-amine. The resulting solid was 
10 reciystallized from ethanol to aflford the product (0,85 g, 2,46 mmol) as a fine white 
powder, m,p. 144-146 "^C. 

Analysis. Calcukted for C,9H25C1N4:%C 66.17; %H, 731; %N, 16.24. Found: %C 
66.44i %H, 7.55; %N, 16.29 

MS (CI) for C19H25CIN4 m/z 345 (MH^, 309 
15 PartE 

Using Ihe genwal method of Example 6 Part B, except that the reaction 
temperature was lowered to 80 *»C, 2-butyl-l-(5-chloropcntyl>lif-imidazo[4,5-c]quinolin- 
4-amine (2.0 g, 5.80 mmol) was converted to 2-butyl.l-[5-(methylthio)pentyl]-lH- 
imidazo[4,5-c]quinolm-4-aminc using sodium thiomethoxide (0.68 g, 8.70 mmol) m lieu 

20 of sodium benzenethiolate. Ihe resulting solid was partitioned between chloroform and 
saturated aqueous sodhun bicarbonate. The layers were separated. The organic layer was 
washed with brine, dried over anhydrous sodium sulfete, filtered and then concentrated 
under reduced pressure to afford a white solid. The material was recrystallized from 
acetonitrile to ^ve the title compound (1.91 g. 5.36 mmol) as a fine white solid, ntp. 1 12- 

25 . 114 «C. 

Analysis. Calculated for C20H28N4S: %C 67.38; %H, 7.92; %N, 15.71. Found: %C 67.26; 
%H, 8.08; %N, 15.74 

^H-NMR (300 MHz, DMSO) 6 8.01 (d, J = 8.3 Hz, IH). 8 7.61 (d, J - 8.3 Hz, IH), 5 7,41 
(t. J « 8,3 Hz, IH), S 7.25 (t, J - 8.3 Hz, IH). 5 6.45 (bs, 2H), 5 4.50 (t, J = 7.8 Hz, 2H), 5 
30 2.92 (t. J - 7.6 Hz, 2H), 6 2.46 (t, J » 7.3 Hz, 2H), 8 2.01 (s, 3H), 8 1.80 (m, 4H). 8 1.42- 
1.61 (m, 6H), 8 0.96 (t, J « 7.3 Hz, 3H) 
MS (CI) for C»fl28N4S m/z 357 (MH*), 309 
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Example 18 

2-butyl-l-[5-(methylsulfcyl)pentyl]-lif-iinidazo[4,5-^^ 

r 




A round bottom Bask was changed widi a magnetic stir bar, 2-butyl-l -[5- 
(me%ltfaio)pentyI]-lH-tmidazo[4,5-c]quinoliii-4-aniQe (1.0 g, 2.80 mmol) and 
chlorofoim (14 mL). Solid 3-chloropeibenzoic acid (0.69 g, 3.09 mmol) was added 
portion wise over 5 minutes and the reaction was stirred at ambient temperature for 20 

10 ininutes at which time llie starting material was completely consumed. The solution was 
partitioned between chloroform and saturated aqueous sodium bicarbonate. The layers 
were separated The organic layer was washed witii saturated aqueous sodium bicarbonate 
and brine, dried over anhydrous sodium sulfate, filtered and then concentrated under 
reduced piessure to afford an off-white solid which was shown by ^H-NMR to be die 3- 

15 chlorobenzoic acid salt of the desired product The solid was stirred in water and then 
made basic (pH 10) by addition of solid sodium caibonate. The resulting free base was 
collected by filtration to provide a white solid which was recrystallized fiom acetonitrile to 
give 2-butyl.l-(5-(methylsulfinyl)pentyl]4/r-inrida2o[4,5-clqui^ (0.40 g, 

1 .07 mmol) as a ^te powder, m.p. 1 19-121 ""C. 

20 Analysis. Calculated forC2oH»N40S (HiO)!: %C 61,51; %H. 7.74; %N, 1435. Found: 
%C 61.64; %H. 7.82; %N, 14.32 

'H-NMR (300 MHz, DMSO) 8 8.01 (d, J= 8.3 Hz, IH), 8 7.60 (d, J » 8.3 Hz, IKQ, 8 7.41 
(t, J = 8.3 Hz, IH), 8 7.26 (t, J » 8,3 Hz, IH), 8 6.44 (bs, 2H). 8 4.51 (t, J = 7.6 Hz, 2H), 8 
2.92 (t. J = 7.8 Hz, 2H). 8 2.57-2.74 (m, 2H), 8 2.50 (s, 3H). 8 1.80 (m. 4H), 8 1,66 (m, 
25 2H). 8 1.55 (m, 2H), 8 1.48 (m, 2B5, 8 0,96 (t, J = 7.3 Hz, 3H) 
MS (CI) for C20H28N4OS (HiO)i m/z 373 QXEti. 309, 253 
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Example 19 

2-butyl-l-[3-(me%lsulfonyl)propyl].l/^imidazo(4,5-c]^^ 




5 PartA 

A round bottom flask was charged with a magnetic stir bar, 3-[(3-nitroqiiinolin-4- 
yl)amino]ptopan-l-ol (20.75 g, 83.93 mmol), Aionyl chloride (15.0 g. 125.89 mmol), and 
dichloromeflume (420 mL), The bright yellow, homogeneous sohition was stined at 
ambient temperature for 2 hours at which time the starting material was completely 
10 consumed. The volatiles were removed under reduced pressure and flw 

stilled in water (400 mL) made bade (pH 10) with soHd sodium carbonate, Abri^t 
yellow solid was collected by filtration to aflford i\K3-chloropropyI)-3-nitroquinolin-4- 
amine (21.63 g, 81.41 mmol) which was used without further purification. 
PartB 

1 5 Using the general method of Example 1 Part C, /A<3-chloropiopyl>.3- 

nitroquinolin-4-amine (10.0 g. 37.63 mmol) was reduced to provide ^-(3- 
chloropropyi)quinolme-3,4-diamine (8.87 g, 37.63 mmol) which was isolated as a brown 
oil and used widiout fiir&er purificatioQ. 
Parte 

20 Using the general method of Example 1 Part D, iV*-(3-chloropropyl)quinoluie73,4- 

<iiamine (8.87 g, 37.63 mmol) was cycKzed to provide 2-bu^H-(3-chloropropyl)-liif. 
imidazo[4,5-c]quinoIine using trimethyl ortiiovalerate (733 g, 45.16 mmol) and pyridine 
hydrochloride (0.43 g). The resulting solid was triturated with ethyl edier and collected by 
filtration to afford the product (9.00 g, 29.82 mmol) as an oflF-white solid. The material 

25 was used without further purificatiorL 
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PaitD 

Using the general method of Example 1 Part E, 2-butyl-l-(3-chloropropyl>l/f- 
imidazo[4,5-c]quinoline (9.0 g, 29.82 mmol) was oxidized to 2-butyH-(3-chloropiopyl)- 
l/Mmidazo[4,5-c]quinoline-5N-onde (9.48 g, 29.82 mmol) which was isolated as a tan 
S solid and used wi&out purification. 
PaitE 

Using tiie general method of Example 3 Part 2-butyl-l-(3-chloropropyl)-l/f- 
imidazo[4,5-c]quinoline-5N-oxide (9.48 g, 29.82 mmol) was aminated to provide 2-butyl- 
l-(3H;hloropropyl>-lif-imidazo[4,5-c]quinolin-4^amine^ The resulting solid was purified 
10 by chromatography over silica gel (95/5 dichloromethane/metfaanol) to provide the 
product (6.4 g, 20.20 mmol) as a tan solid. 
PartF 

Using tiie general me&od of Example 6 Part B, except that the reaction 
temperature was lowered to 80 2-butyl-H3-<:hIoropropyl)-l/f-imidazo[4,5--c]quinolin- 

15 4-amine (2.0 g, 6.3 1 mmol) was converted to 2-butyH-[3-(methylthio)propyl]-li/- 

imidazo[4,5-c]quinolin-4-amine using sodium tfaiometfaoxide (0.74 g, 9.47 mmol) in lieu 
of sodium benzene^olate. The resulting solid was partitioned between chloroform and 
saturated aqueous sodium bicaibonate. The layers were separated. The organiclayer was 
washed witti brine, dried over anhydrous sodium sul&te, filtered and dien concentrated 

20 under reduced pressure to afToid tiie title compound (2.0 g, 6.09 mmol) as a white solid. 
The material was used witiiout fiirtiier purification. 
PartG 

Using the general method of Example 5 Part A, 2-butyl-l-[3-(methylthio)propyl]- 
lH-imidazo[4,5-c]quinolin-4-amine (2.0 g, 6.09 mmol) was oxidized to 2-butyl-l-[3- 
25 (me%lsulfonyl)propyl]-lH-imida2o[4,5-clquinolin-4-amine, The resulting solid was 
triturated with metiianol and collected by filtration to afford the tide compound (0.96 g, 
2.66 mmol) as an off-white powder, m.p. 233-236 "^C. 

Analysis. Calculated for C18H24N4O2S: %C 59.98; %H. 6.71; %N, 15.54. Found: %C 
59.71; %H. 6.65; %N, 15.43 
30 ^H-NMR (300 MHz, DMSO) 6 8.10 (d. J = 8.3 Hz. IH), 8 7.61 (d, J = 83 Hz. IH), 5 7.42 
(t, J = 8.3 Hz, IH). S 7.25 (t, J = 8.3 Hz, IH). 5 6.47 (bs. 2H). 5 4.66 (t, J - 7.8 Hz, 2H), 8 
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3.40 (t, J = 7.3 Hz, 2H), 5 3.01 (s. 3H), 6 2.94 (t. J « 7.8 Hz, 2H), 5 222 (m. 2H), S L80 
(m, 2H), 8 1.46 (sextet, J = 7.3 Hz, 2H), 8 0,96 (t, J = 7.3 Hz. 31^ 
MS (CI) for C,8H24N402S miz 361 (MH*), 281, 235 

^ Example 20 

2-butyl-l-[3-<pheitylsulfonyl)propyl]-lfr-iim 

PartA 

A round bottom flask was charged wifli a magnetic sdr bar, benzenethiol (0.68 g, 
10 6.21 mmol), sodimn hydride (025 g, 60% dispersion, 6.21 mmol). and anhydrous 

dimethyl formamide (28 mL) under a nitrogen atmosphere. After the reaction mixture had 
stirred at ambient temperature for 30 minutes, 2-butyM-(3-chloropropyl)-l/f-imidazo[4,5- 
c]quinolin-4-amine (1.64 g, 5,18 mmol) was added and tiie resulting cIou(fy solution was 
heated to 80 **C and maintained at 80 for 2.5 hours at which time tiie starting material 
15 was completely consumed. The hot solution was poured into rapidly stirred water (200 
mL). The resulting mixture was extracted with chloroform (2x). The combined organic 
layers were washed with saturated aqueous sodium bicarbonate and brine, dried over 
anhydrous sodium sulfate, filtered and then concentrated under reduced pressure to afford 
a light yellow oil. The material was purified by chromatography over siUca gel (95/5 
20 dichloromediane/methanol) to provide 2-butyl-l-[3-0>iienylthio)propyl]-lff-unidazo[4,5- 
c]quino]in-4-amine (1.38 g, 3^3 mmol) as a ^te solid. 
PartB 

Using die general mediod of Example 5 Part A, 2-butyl-l-[3-(phenylduo)propyl]- 
l//'-.imidazo[4,5-c]quinolin-4-amine (1.38 g, 3.53 mmol) was oxidized to 2-butyl-l-[3- 
25 (phenylsulfonyl)propyI]-I//-imidazo[4,5-c]quinoIin-4-aminc. The resulting solid was 
recrystallized from eflianol to provide the title compound (0.85 g, 2.01 mmol) as an ofif- 
whitB powder, m.p. 224-227 ®C. 
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Analysis. Calculated ifor C23H26N4O2S: %C 65.38; %H, 6^0; %N, 13.26. Found: %C 
6525; %H, 6.23; %N. 13.20 

*H.NMR (300 MHz, DMSO) 5 7.96 (d, J = 8.3 Hz, IH), 5 7.89 (m, 2H), 5 7.73 (m, IH), 5 
7.63 (m, 3H), 8 7.40 (t, J = 8,3 Hz, IH), 5 7.17 (t, J = 8.3 Hz, IH), 5 6.46 (bs, 2H), 8 4,60 
5 (t, J = 7.8 Hz, 2H), 8 3.66 (t, J= 7.3 Hz, 2H), 8 2,86 (t, J-7.8 Hz, 2H), 8 2.04 (m, 2H). 8 
1.73 (p, J = 7.6 Hz, 2H), 8 1.39 (sextet, J « 7.3 Hz, 2H), 8 0.92 (t, J« 7.3 Hz, 3H) 
MS (CI) for C23H26N4O2S m/z 423 (MH*), 322, 281 

CYTOKINE INDUCTION IN HUMAN CELLS 
10 An in vitro human blood ceUsysteni is used to assess cytokine indi^ Activity 

is based on the measurement of interferon and tumor necrosis factor (a) (IFNandlTIF, 
respectively) secreted into culture media as described by Testerman et al. In Cytokine 
Induction by &e Immunomodulators Imiquimod and S-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
15 Blood Cell Preparation for Culture 

Whole blood from healthy human donois is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifugation using Hi5t(^aque(Ey-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and tiien are suspended at 3«4 x 10^ 
20 cells/mL in RPMI complete. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincoln Park, 
NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
25 concentration should not exceed a final concentration of 1% for addition to the culture 

weUs. The compounds are generally tested initially at concentrations ranging from 0.12 to 
30 |iM. Compounds showing activity at 0.12 pM may then be tested at lower 
concentrations. 

30 The solution of test compound is added at 60 {iM to die first well containing RPMI 

complete and serial 3 foU dilutions are made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
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desired range (0.12 to 30 ^M). The final concentration of PBMC suspension is 1.5-2X 
10^ cells/mL. The plates are covered with sterile plastic lids, mixed gently and fbea 
incubated for 18 to 24 hours at 37^C in a 5% carbon dioxide atmosphere. 
Separation 

5 Following incubation the plates are centrifuged for S-10 minutes at 1000 ipm 

(~200x£Oat4X. The cell-free culture supernatant is removed with a sterile 
polypropylene pipet and transferred to sterile polypropylene tubes. Samples are 
maintained at -30 to -70^C until analysis. The samples are analyzed for interfoon (a) and 
for tumor necrosis fictor (a) by EUSA 
10 faterferon fa) and Tumor Necrosis Factor (a^ Analysis bv EUSA 

Interferon (a) concentration is determined by EUSA using a Human Multi-Species 
kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pgAnL. 

Tumor necrosis factor (a) CrNF)concentration is determined using EUSA kits 
15 available from Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or 
Phaimingen, San Diego, CA; Results are expressed in pg/mL. 

The table below lists the lowest concentration found to induce interferon and &e 
lowest concentration found to induce tumor necrosis &ctor for each compound. A ***** 
20 indicates &at no induction was seen at any ofthe tested concentxations (0.12, 0.37, 1.11, 
333, 10 and 30 hM). 



Cytokine Eduction in Human Cells 


Example 


Lowest Effective Concentration (iiM) 


Number 


Interferon 


Tumor Necrosis Factor 


1 


0.12 


0.12 


2 


0.12 


0.37 


3 


0.04 


0.12 


4 


0.01 


O.Ol 


5 


0.01 


0.04 


6 


3J3 


10 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration OiM) 


Number 


Intei&ron 


Tumor Necrosis Factor 


7 


333 


10 


8 


10 


* 


9 


3.33 


3.33 


10 


1.11 


1.11 


11 


0.01 


0.12 


12 


0.12 


10 


13 


0.12 


3.33 


14 


3.33 


10 


IS 


0.04 


* 


16 


0.01 


0.04 


17 


0.01 


0.04 


18 


0.01 


0.12 


19 


. 0.04 


0.37 


20 


0.04 


0.37 
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5 



10 



WHAT IS CLAIMED IS: 

L A compound of die formula Q): 




(0 



wherein: X is -CHR3-, -CHRs-alkyl-, or -CHRj-alkcnyl-; 
Z is -S-, -SO-, or-S02-; 
Ri is selected fiom tiie group consisting of: 
-allQrl; 

15 ^ 

-heteioaiyl; 
-heterocyctyl; 
-alkenyl; 
-R^-aryl; 

20 -Rr-heteroaxyl; 

-Rf-teterocyclyl; 
R2 is selected 60m die group consisting of: 
-hydrogen; 
-alkyl; 

25 -alkenyl; 

-aiyl; 

-heteroaiyl; 

-heterocycfyl; 

-alkyl-Y-alkyl; 
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-allqrl-y-alkenyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
5 -OH; 

-halogen; 

-N(R3)z; 

-CO.N(R3)2; 

•CO-Cmo alkyl; 
10 -COO-Cmo alkyl; 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

15 -CO-aryl;and 

-CO^eteroaiyl; 

each R3 is independently H or Cmo alkyl; 

each R4 is independently alk^ or alkenyl ; 

each Y is independently -O- or -S(0>mS 
20 n is 0 to 4; and 

each R present is independently selected &om die group consisting of Cmo 

alkyl, Ci-10 alkoxy, hydroxy, halogen and trifluonnnethyl; 

or a pharmaceuticaliy acceptable salt thereof. 

25 2. A compound of . claim 1 wherein Z is 

3. A compound of claim 1 wheiein Z is -SOr-. 

4. A compound of claim 1 wherein Rj is-allQrl. 

30 

5. A compound ofclaiml wherein Ri is -eiyL 
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6. A compound of claim 1 wherein Ri is phenyl. 

7. A compound of claim 1 wherein K\ is heteroaiyL 

8. A compound of claim 1 wherein X is -<CH2)2-ff-. 

9. A compound of claim 1 wherein R2 is H. 

10. A compound ofcIaiml^KliereinRa is --fdkyK<>-alkyL 

11. Acompoundofclaim I wherein Ra is -alkyL 

12. A compound selected fixnn the group consisting of: . 
2-butyl-l-[4-(phenylthio)butyl]-l/r-imida2o(4,5-c]quinolin-4-amine; 
2-butyl4-(2-<phenylthio)ethyl]-6J,8,9-tetrahydn>-l/^imida2o[4,5^^ 
2-bu1}i-l-[4-^henylsulfonyl)butyl]-lH-nmdazo[4»5-c]quinolin-^^ 
24)u1yl-l-[4-(methylthio)butyl]-lir*imidazo[4,S-c]qu]nolin-^^ 
2-but)1-l <4-(methylsulfonyl)butyl]-l/f-imidazo[4,5-c]q;a^ 
l-[2-(phenyltltio)etfayl]-l/f-iniidazo[4^H:]quinolin-4-8min^ 
l-[4-(phenylsulfony])butyl]-l^-imidazo[4,S<<;]quinolin-4-am^ 

1 -[4-(me%lsulfonyI)butyl]-l/r-imidazo[4,5-c]quiQolin-4-amine; 
1 -[4-(phenyltWo)butyl]-lif-imidazo[4,5-c]quinolin-4-amine; 

1- [4-<methylthio)butyl]-li/-nnida2o[4,5-c]quinolin-4-amine; 

2- butyl-l'[5-(methylsulfonyl)pentyl]-l/f-inudazo[4,5-c]quinolin-4-amm 
2-methyl-l-[5-(metiiylsulfonyI)pcntyl]-l/f-imidazo[4,5-€]qu^ 
2-<A3d-l-[5-(methylsulfonyl)pentyl]-l/f-imida2o[4,5-c]quinolin-^^ 

1- [5-<metfaylsul£raiyl)pentyl]-lfr-iniidazo[4,5-^]quinplin-^^ 
2*hexyl-l-[5-(methylsu]fonyl)pentyl]-lJ7-imidazo[4,5-c]quin^ 

2- (2-medioxye%l>HS-<methylsulfonyl)penfyl]-L{f-inudaz^ 
24)utyl-l-[S-(me&yItfaio)pen1yl]-lJ7-imidazo[4,5H;]q[uino^ 
2<4)utyl-l-[S-(methybttlfinyl)penfyl]-l/r-imidazo[4»S<<]qainolin 
24)utyl-l-[3-(metfaylsutfonyl)propyl]-l^-imida2o[4,5-c]qui^ and 
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2-butyl-l-[3-(phenylsulfonyl)propyl]-l/f-imidazo[4,5-c]qum^^ 
or a phannaceudcally acceptable salt thereof. 

13. A compound of the fonnula (II) 



5 




wherein: X is -CHR3-, -CHRs-alkyl-, or -CHRs-alkeiQrl.; 
Z is -S-, -SO, or -SQis 
Ri is selected fiom the group consisting of: 
-alkyl; 

10 ^1; 

-heteroaiyl; 

-heterocyclyl; 

-alkenyl; 

-Rr-fliyi; 

1 5 .R4- heteroaiyl; and 

-Rr-heterocyclyl; 
Ra is selected from die group consisting of: 
•hydrogen; 
-alkyt 

20 -alkenyl; 

-aiyU 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
25 -alkyl-Y- alkenyl; 

-alkyl-Y-aiyl; and 
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- alkyi or alkenyl substituted by one or more substituents selected 
fiom tiie group consisting of : 

-OH; 

•halogen; 

5 -N(R3)2; 

-CO-N(R3)2; 
-COCi-ioalkyl; 
-COO-CMoalkyl; 
-N3; 

10 -aiyU 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

15 each Ra is independently H or Ci.io alkyl; 

each R4 is independently alkyl or alkenyl; 

each Y is independently -O- or -S(0)o-2S 
n is 0 to 4; and 

each R present is independently selected from fht group consisting of Clio 
20 alkyU Cmo aOcoxy, hydroxy, halogen and trifluoTomethyl; 

or a phaxxnaceutically acceptable salt diereof. 

14. A compound of claim 13 wherein R| is phenyl. 

25 IS. A compound ofclaim 13 wherein R2 is H or alkyL 

16. A compound of claim 13 wherein R3 is -alky 1-O-alI^L 

17. A pharmaceutical composition comprising a therapeuticaUy effective amount of a 
30 compound of claim 1 and a phannaceutically acceptable carrier. 
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18. A pharmaceutical composition comprising a dieiapeutically effective amount of a 
compound of claim 12 and a phaimaceuticaUy acceptable earner. 

19. A method of inducing cytokine biosyn&esis in an animal comprising administering 
S a therapeutically effective amount of a compound of claim 1 to the animal. 

20. The method of claim 19 \dieiein the cytokine is IFN-ou 

21. A method of treating a viral disease in an animal comprising adnmustering a 
10 tfaerapeuticalty effective amount of a compound of claim 1 to flie animal. 

22. A method of treating a neoplastic disease in an animal comprising administering a 
Aerapeutically effective amount of a compound of claim 1 to the animal* 

15 23. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theraputicaUy effective amount of a compound of claim 12 to the animaL 

24. The method ofclaim 23 wherein the cytokine is EFN-a 

20 25. A method oftreating a viral disease in manioial comprising administering a 
therapeutically effective amount of a compound of claim 12 to the animal. 

26. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 12 to the animal. 

25 

27. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound of claim 13 and a pharmaceutically acceptable carrier. 

28. A meAod of inducing cytokine biosynthesis in an animal comprising administering 
30 a therapeutically effective amount of a compound of claim 1 3 to the animaL 

29. The method of claim 29 wherem the cytokine is IFN-o. 
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30. A method oftreating a viral disease in an anim^ 
Ihei^utically effective amount of a compound of claim 13 to flw animal 

31. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound of claim 13 to the animal. 
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